Mapping the evidence on the impacts of agroforestry on agricultural productivity, ecosystem services, and human wellbeing in high-income countries by Brown, Sarah
  
 
 
 
MAPPING THE EVIDENCE ON THE IMPACTS OF AGROFORESTRY ON 
AGRICULTURAL PRODUCTIVITY, ECOSYSTEM SERVICES, AND HUMAN WELL-
BEING IN HIGH-INCOME COUNTRIES 
 
 
 
 
 
 
 
BY 
 
SARAH BROWN 
 
 
 
 
 
 
 
THESIS 
 
Submitted in partial fulfillment of the requirements 
for the degree of Master of Science in Natural Resources and Environmental Sciences 
in the Graduate College of the  
University of Illinois at Urbana-Champaign, 2019 
 
 
 
Urbana, Illinois 
 
 
 
Master’s Committee: 
  
 Assistant Professor Daniel C. Miller, Adviser 
Professor Kathy Baylis 
Professor Sarah Taylor Lovell 
 
  
ii 
ABSTRACT 
Agroforestry bridges the gap that often separates agriculture and forestry by building 
integrated systems that address both environmental and socio-economic objectives. Existing 
research suggests that agroforestry – the integration of trees with crops and/or livestock – can 
prevent environmental degradation, improve agricultural productivity, increase carbon 
sequestration, generate cleaner water, and support healthy soil and healthy ecosystems while 
providing stable incomes and other benefits to human welfare. These claims are becoming more 
widely accepted as the body of agroforestry research increases, but systematic understanding of 
the evidence supporting them remains lacking for high-income countries. To address this 
research need, I developed a systematic map showing the evidence of the impacts of agroforestry 
practices and interventions on agricultural productivity, ecosystem services, and human well-
being in all high-income countries published over the last decade (2008-2018). The results 
highlight some key evidence gaps and areas where there is a concentration of research. 
Knowledge on the impacts of specific interventions to promote agroforestry is very limited. The 
impacts of actual agroforestry practices are more well-studied, but the kinds of practices studied 
is limited, with most research focusing on shelterbelts, windbreaks, and hedgerows, riparian 
buffers, and scattered trees on farms with crops and/or livestock. Ecosystem services outcomes 
are by far the most studied, while evidence on human well-being and agricultural productivity 
outcomes remains more limited. I also found geographic biases, with little to no evidence for 
many countries. The results will be useful for informing future research and policy decisions by 
making the evidence easily accessible and highlighting knowledge gaps as well as areas with 
enough evidence to conduct systematic reviews.  
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Using the results from the systematic map, I conducted bibliometric and network analysis 
to better understand the current state of agroforestry research. I performed keyword analysis to 
demonstrate the study of co-benefits of agroforestry and co-authorship analysis to understand the 
nature of collaboration among agroforestry researchers. I find that the multiple impacts of 
agroforestry are highly co-studied and related; however, agroforestry researchers are dispersed as 
small groups working in isolation from each other. The literature is fragmented and diffuse, but 
evidence is concentrated in a few key journals. Together, the systematic map and bibliometric 
analysis present a comprehensive view of the current state of agroforestry research and offer 
guidance for several possible paths forward to help bring agroforestry more into the mainstream. 
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CHAPTER 1: INTRODUCTION 
Agroforestry has risen to prominence as a land-use strategy to help address global climate 
change and provide other environmental, economic, and social benefits (Smith et al., 2012, Jose 
et al., 2012, Waldron et al., 2017, Garrity, 2004, Jose, 2009, Jose and Bardhan, 2012). However, 
systematic knowledge on the human-environment impacts of agroforestry practices and 
interventions remains lacking. Agroforestry is promoted for its potential for carbon 
sequestration, soil erosion and runoff control, and improved nutrient and water cycling, as well 
as for offering socio-economic benefits and greater agricultural productivity (Garrity, 2004, 
Waldron et al., 2017, Jose, 2009, Jose and Bardhan, 2012, Fagerholm et al., 2016, Wilson and 
Lovell, 2016, Holzmueller and Jose, 2012, Tsonkova et al., 2012, Udawatta and Jose, 2012). 
While researchers and policy makers have long studied and supported agroforestry practices in 
low- and middle-income countries (L&MICs), particularly in tropical regions, recognition and 
promotion of agroforestry in the temperate climates typical of developed countries gained steam 
only more recently (Buck, 1995, Jose et al., 2012). As the conversation discussing the potential 
and future for agroforestry continues to evolve, there is an increased study of and policy support 
for agroforestry in high-income countries (HICs) (Lassoie et al., 2009, Jose et al., 2012, Wilson 
and Lovell, 2016, Lovell et al., 2017). Evidence of the socio-economic and biophysical impacts 
of various agroforestry interventions and practices in HICs spans many disciplines and addresses 
a broad range of outcomes, thus creating an opportunity and need to synthesize the evidence for 
easier exchange of knowledge and ideas. 
My thesis therefore aims to assemble the research showing the impacts of agroforestry 
practices and interventions in HICs to provide an evidence map of the literature to aid 
researchers and policymakers in developing strategies for future research initiatives and policy 
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formation. This systematic map for HICs directly parallels an evidence gap map (EGM) of the 
impacts of agroforestry in L&MICs to which I am also contributing (Miller et al., (in review)). 
The experience of creating the L&MICs map has directly informed this systematic map for 
HICs, which forms a core element of this master’s thesis. EGMs are essentially the same as SMs, 
and the potential differences are given with the definition of EGMs in Snilstveit et al. (2013). 
The results from the SM and EGM are the basis for mapping and analyzing the networks of 
researchers and key topics that agroforestry research addresses globally. This work highlights 
gaps and foci in the knowledge network and identifies especially promising areas for future 
agroforestry research. With the bibliometric and network analysis, I show the extent of 
collaboration between researchers and explore the connectivity of key agroforestry knowledge 
domains – food security and human nutrition, poverty, biodiversity, climate change, and human 
capacity – as defined in the UN Sustainable Development Goals. Together, the systematic map 
and bibliometric network analysis create a visual map of the current extent of agroforestry 
research, which can help inform policy decisions, guide future research, and help bring 
agroforestry into the mainstream.  
 
Background and Previous Work 
Agroforestry can be defined as the intentional integration of woody vegetation, such as 
trees and shrubs, with crops and/or livestock simultaneously or sequentially on a land 
management unit. This integration is intended to diversify production systems to create 
environmental, economic, and social benefits through complementary interactions between the 
system components (USDA, 2011, Leakey, 1996, Atangana et al., 2014a). The general types of 
agroforestry include agrisilviculture (also called silvoarable, defined as trees integrated with 
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cropping systems), silvopasture (trees integrated with livestock systems), agrosilvipasture (trees 
integrated with both crops and livestock as a system), forest farming (crop or livestock 
production within a forested area), urban agroforestry (often referred to as homegardens, defined 
as integrating trees with crops near the homestead), and other types, such as integrating trees in 
fisheries or beekeeping operations (Atangana et al., 2014a). Common agroforestry practices are 
presented in Table 1. These practices are meant to be mutually exclusive (i.e., an 
agrosilvopasture practice would not also be classified as an agrisilviculture practice and a 
silvopasture practice).  
 
Table 1: Classification of agroforestry systems and specific practices. Definitions are drawn 
from (Huxley and van Houten, 1997, USDA, 2013, Mosquera-Losada et al., 2016, Atangana et 
al., 2014a). 
Land use and agroforestry 
practice 
Brief Description 
A
g
ro
si
lv
ic
u
lt
u
re
 /
 S
il
v
o
ar
ab
le
 
Trees integrated in 
crop fields 
(multipurpose trees) 
Trees intercropped with annual or perennial crops; trees 
randomly or systematically planted in cropland for the 
purpose of providing fruit, fuel wood, timber, and other 
services. 
Hedgerows, 
shelterbelts, and 
windbreak systems 
Trees as fences around plots and/or an extended windbreak of 
living trees and shrubs established and maintained to protect 
farmlands. 
Alley-cropping 
systems 
Rows of trees with a companion crop grown in the alleyways 
between the rows. 
Improved or rotational 
fallow 
Land resting system using trees and shrubs to replenish soil 
fertility and potentially yield economic benefits, in rotation 
with crops as in traditional shifting cultivation. 
Riparian buffer strips 
Areas along rivers and streams planted with trees, shrubs, and 
grasses to protect water quality  
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Table 1 Continued: 
Land use and agroforestry 
practice 
Brief Description 
S
il
v
o
p
as
tu
re
 
Trees/shrubs on 
pasture (multipurpose 
trees) 
Trees intercropped on pastures; trees randomly or 
systematically planted on pasture for the purpose of providing 
fruit, fuel wood, timber, and other services. Also used for 
forage/fodder and animal production. 
Meadow orchards 
Orchards, including fruit orchards, olive groves, vineyards, 
and fruit-bearing shrubs, which are grazed or sown with 
pastures. 
Hedgerows, 
shelterbelts, and 
windbreak systems 
Trees as fences around plots and/or an extended windbreak of 
living trees and shrubs established and maintained to protect 
farmlands and animals and/or provide fodder. 
A
g
ro
si
lv
ip
as
tu
re
 
Integrated production 
of animals (meat and 
dairy), crops, and 
wood/fuelwood 
Production of crops, animal/dairy, and wood products within 
the same land area, including around homesteads. 
F
o
re
st
 
F
ar
m
in
g
 
Forest farming 
Forested areas used for production or harvest of naturally 
standing specialty crops for medicinal, ornamental or culinary 
uses. 
Forest grazing 
Forested areas with the understory grazed as a means of 
providing forage for animal production.  
U
rb
an
 a
n
d
 
P
er
iu
rb
an
 
Homegardens 
Combining trees/shrubs with vegetable production usually 
associated with periurban or urban areas. 
A
g
ro
fo
re
st
ry
 i
n
cl
u
d
in
g
 
in
se
ct
s/
fi
sh
 Entomoforestry 
Production combining trees and insects (e.g. bees for honey 
and trees). 
Aqua-silvo-fishery 
Trees lining fishponds, tree leaves being used as 'forage' for 
fish. 
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We further define several types of interventions that may be used to promote any one or 
more of these agroforestry practices. Agroforestry intervention types are described in Table 2, 
and they represent types of support policymakers could provide to promote adoption of one or 
more of the agroforestry practices described in Table 1. The systematic map that comprises the 
main evidence base in this thesis denotes whether a study is an impact evaluation of an 
agroforestry-related intervention or is an evaluation of the impact only of an agroforestry 
practice. 
 
Table 2: Classification of interventions to promote agroforestry, as presented in (Miller et al., 
2017).  
Intervention type Description and examples  
Farmer capacity 
development 
Efforts focus on enhancing farmer knowledge and/or skills relevant to 
agroforestry practice, e.g., setting up and managing tree nurseries; 
tree planting and management techniques; and seed collection and 
propagation. Such interventions can involve the provision of training, 
extension and other advisory services, and specific technical 
information, as well as the setting up of demonstration sites, running 
of participatory trials and other modes of participatory action 
learning.   
Material support 
Efforts to facilitate farmer access to quality and desired tree/shrub 
seedlings/seeds required to pursue prioritized agroforestry practices. 
Such interventions often entail the direct provision of seedlings/seeds 
to farmers but can also involve linking farmers to relevant suppliers 
and/or enhancing the ability of existing or new suppliers to supply 
participating farmers with quality and desired tree germplasm. 
Incentive 
provision 
Interventions of this type seek to motivate farmers to plant trees and 
practice agroforestry through the provision of incentives. Examples 
include paying farmers for planting and caring for trees on their farms 
in exchange for desired ecosystem services (e.g. carbon 
sequestration) and buyers offering premiums to farmers for 
agricultural commodities produced under certain conditions (e.g., via 
certification schemes for products such as shade grown organic 
coffee). 
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Table 2 Continued: 
Intervention type Description and examples  
Community-level 
campaigning and 
advocacy 
Interventions of this type can also involve the provision of 
information about the benefits of trees and agroforestry and/or the 
provision tree seedlings/seeds, but this type is distinct from the first 
two types. The main objective is to motivate, including through social 
pressure, community members to plant trees on their farms and/or 
pursue specific agroforestry practices. Campaigning and advocacy 
may be done through radio and/or community meetings, speeches, 
and drama and may involve a mass community effort to plant trees, 
for example, on a specific day of the year. 
Market linkage 
facilitation 
Interventions of this type focus on efforts to enhance potential returns 
from agroforestry to encourage adoption. This could be through 
linking producers to and/or brokering new and/or improving existing 
contractual arrangements with buyers. Other examples include the 
collective marketing of agroforestry products and/or interventions to 
stimulate demand for a given agroforestry product, e.g., pawpaw 
fruit.  
Institutional and 
policy change 
Interventions of this type involve reforming and/or putting in place 
new polices, laws, regulations, and institutions more broadly to 
facilitate greater uptake of and benefits from agroforestry. Such 
efforts are designed to address existing policy and institutional 
constraints such as, for example, prevailing forestry regulations—
designed for forest management areas—that may frustrate 
smallholder efforts to grow particular high-return tree species or 
insecure land tenure that may similarly deter long-term adoption of 
tree plantings. 
 
Agroforestry research began with the study of traditional practices of local populations 
around the world, which formed the basis for conducting more rigorous experimental research 
(Nair and Garrity, 2012). As agroforestry research developed, researchers found a high potential 
for agroforestry to address many current environmental and social concerns, such as climate 
change and food security (Nair and Garrity, 2012). From this knowledge base, agroforestry 
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advocates began pushing for the establishment of policies and programs to support the 
integration of trees on agricultural lands. 
Governmental policies for landowners, however, have often lacked incentives to take up 
agroforestry practices (Garrett, 1997). In modern agriculture, there has been the assumption that 
land must remain segregated between agriculture and other uses to optimize planning and 
productive efficiency (as opposed to establishing integrative land management techniques), 
which has limited the development of agroforestry (Garrett, 1997). To support the progress of 
industrial agriculture, governments designed national policies to promote specialization and 
intensification, which works to enforce this strategy of separation (IPES-Food, 2016). Industrial 
agriculture, however, is now associated with many negative social and environmental 
consequences (Matson et al., 1997, Tilman et al., 2002, Lobao and Meyer, 2001, Foley et al., 
2005). Agroforestry has the potential to help address these consequences, and thus individuals 
familiar with agroforestry have started proposing and implementing a range of education and 
extension programs, financial incentives and cost-sharing initiatives, and support for the creation 
of markets for non-timber forest products to facilitate agroforestry adoption (USDA, 2011, 
Valdivia et al., 2012, Jacobson and Kar, 2013, Mosquera-Losada et al., 2016). Such interventions 
have the potential to provide the incentives and support necessary to establish agroforestry as a 
thriving alternative land use strategy (Miller et al., 2017). 
The diagram shown in Figure 1, developed and presented previously in (Miller et al., 
2017), illustrates a generic theory of change which may underlie an effective agroforestry 
intervention. It identifies two initial preconditions: (1) successful mobilization and engagement 
of farmers, and (2) facilitating farmer capacity development and/or access to appropriate tree 
germplasm. The first of these and, in many cases, both, are required for significant and effective 
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adoption of promoted agroforestry practices. Following such adoption, several intermediary 
outcomes are then expected. For example, farmers may see improved soil health and other 
ecosystem services, such as water infiltration, which then increase crop productivity or reduce 
production costs and, therefore, increase returns. Some participants may find that increased use 
and availability of tree/shrub fodder leads to increases in milk production and returns. Selling 
other agroforestry products such as timber, firewood, and fruit, can increase and diversify 
income and food sources (Waldron et al., 2017, Mbow et al., 2014b, Sharma et al., 2016). These 
changes may have differential effects depending on gender, socio-economic status, 
race/ethnicity, or education/literacy level. Together, these intermediate outcomes are expected to 
bolster resilience to shocks, as well as boost overall household income and food security. These 
positive benefits along with features of the broader context in which participants operate will 
shape household adoption of agroforestry.  
The theory of change diagram presents positive pathways linking agroforestry 
interventions, adoption, and beneficial impacts. However, it is worth noting that there are 
potentially negative tradeoffs to agroforestry, such as a reduction in area of crop production and 
negative tree-crop interactions (Van Noordwijk et al., 2018, Rahman et al., 2016, Power, 2010). 
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Figure 1: Illustrative theory of change for an agroforestry (AF) intervention, from Miller et al. 
(2017).
 
 
By mapping the existing evidence of agroforestry practices in high-income countries with 
their impacts on agricultural productivity, ecosystem services, and human well-being, I create an 
easily navigable database of relevant research related to agroforestry impacts as well as form a 
clearer picture on key areas of interest for further research. The results encompass research from 
all high-income countries, which will allow researchers and policymakers to utilize knowledge 
gained from different contexts across the globe.  
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Why this systematic map is important to do for high income countries 
A large body of evidence around agroforestry has accumulated over the past three 
decades through research across the high-income countries (HICs) of the world (Jose, 2009, Jose 
and Bardhan, 2012, Garrett, 2009, Fagerholm et al., 2016). These HICs, as defined by the World 
Bank for the 2018 fiscal year (World Bank, 2018), are listed in Appendix A and shown in  
Figure 2.  
 
Figure 2: Countries of the world by broad income classification (World Bank, 2018) 
 
 
To date, there has not been a comprehensive synthesis of evidence of what agroforestry 
practices and interventions have been effective, under what circumstances, and by what measures 
in HIC contexts. Recent literature reviews have given overviews of the evidence for the impacts 
of agroforestry on ecosystem services and environmental benefits (Jose, 2009), climate change 
adaptation and mitigation (Wolz et al., 2018), carbon sequestration (Jose and Bardhan, 2012), 
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biomass production (Holzmueller and Jose, 2012, Jose and Bardhan, 2012, Tsonkova et al., 
2012), soil health (Dollinger and Jose, 2018, Tsonkova et al., 2012), and food production 
(Tsonkova et al., 2012). They did not, however, follow systematic review protocols, which 
restricts the included studies to only those of which the authors are aware and may not include 
grey literature. Systematic searches for SMs and EGMs are intentionally broad, aiming to 
capture as many as possible of the papers possibly associated with the research topic to capture 
the full scope of existing research for that topic. Several recent efforts have sought to 
systematically map and review aspects of agroforestry. Notably, one group mapped the evidence 
on agroforestry impacts on biodiversity and ecosystem services across Europe (Fagerholm et al., 
2016, Torralba et al., 2016). Other systematic reviews include aspects of agroforestry, such as a 
systematic map on the impacts of vegetated strips – including windbreaks, hedgerows, and 
shelterbelts – on nutrients, pollutants, socioeconomics, biodiversity, and soil retention in boreo-
temperate systems (Haddaway et al., 2018). Another study mapped the impacts of Ecological 
Focus Area options (including agroforestry) in European farmed landscapes on climate 
regulation and pollination services (Ottoy et al., 2018). Finally, we note that a systematic map of 
the effects of nature conservation on human well-being (McKinnon et al., 2016) and one on 
forests and poverty globally (Cheng et al., 2019) include some studies on the impacts of 
agroforestry. I am not aware, however, of any effort to systematically map evidence on the 
impacts of agroforestry interventions and practices on the broad range of agricultural 
productivity, ecosystem services, and human well-being outcomes across HICs. Lack of such 
evidence synthesis constrains the ability of policymakers, practitioners, and researchers to make 
effective decisions relating to agroforestry.  
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Though it is easy to find examples of agroforestry practiced throughout the world, the 
initiatives to create policies and programs that formalize and promote agroforestry are relatively 
new in most HICs. International groups have invested in agroforestry projects in low- and 
middle-income countries (L&MICs) for decades (emerging in the 1960s and 1970s) as a solution 
to address environmental degradation, boost food security, and contribute to a range of other 
development policy objectives (Waldron et al., 2017, Garrity et al., 2010).  By contrast, 
agroforestry policy in the US, for instance, was first introduced in the mid-1980s (though 
promotion of windbreaks to reduce soil-erosion during the 1930s Dust Bowl era may be 
considered a precursor), with more formalized agroforestry policy emerging only in the 1990s 
with the Forest Stewardship Act of 1990 establishing a Center for Semiarid Agroforestry 
(renamed the National Agroforestry Center in 1994, broadening its scope to include the entire 
country). Similarly in the EU, agroforestry promotion began in the early 1990s with the 1992 
reform of the EU Common Agricultural Policy (CAP), which formerly encouraged practices that 
discouraged farmers from integrating trees on farms (Mosquera-Losada et al., 2012). Only within 
the last decade has there been a significant uptake of agroforestry projects in HICs in the context 
of institutionalized support for agroforestry as an alternative land use approach to address 
conservation and sustainable agricultural development objectives (Jose et al., 2012).  
Major agroforestry initiatives in high-income countries include the USDA Agroforestry 
Strategic Framework Plan (FY 2011-2016) in the United States (USDA, 2011), the European 
Commission’s AGFORWARD program in Europe (FY 2014-2017) (Mosquera-Losada et al., 
2016), Agriculture and Agri-Food Canada’s Agroforestry Development Centre in Canada 
(Thevathasan et al., 2012), and the Farm Forestry National Action Statement and the Master 
TreeGrower Program (supported by the Australian Agroforestry Foundation) in Australia (Reid, 
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2016). In Japan, the Satoyama Initiative includes agroforestry concepts, though it covers a broad 
range of practices (Takeuchi, 2010).  
One of the initial goals set out by these projects is to map out trees on farms and existing 
agroforestry practices within their respective countries. Several countries produced formalized 
documentation of the existing extent of agroforestry in their respective regions, such as the 
USDA in the United States (USDA, 2013) and the AGFORWARD project in Europe (den 
Herder et al., 2017). The USDA report, however, is limited to practices established with USDA 
technical and financial aid and a comprehensive mapping is yet to be completed and released. 
This SM will add to the toolset of resources supporting these initiatives by compiling existing 
knowledge of agroforestry impacts, identifying research needs, and making evidence accessible 
and customizable for diverse audiences. Furthermore, the SM will highlight any existing studies 
evaluating the impacts of these projects or any other agroforestry-related programs and policies 
in HICs.  
There is evidence showing that agroforestry offers many ecological benefits – 
environmental, economic, and social – which give reason to incentivize and empower 
landowners to adopt such practices (Jose, 2009, Wilson and Lovell, 2016, Garrity, 2004, 
Fagerholm et al., 2016, Holzmueller and Jose, 2012, Jose and Bardhan, 2012, Tsonkova et al., 
2012, Udawatta and Jose, 2012, Montambault and Alavalapati, 2005, Garrett, 1997); however, it 
is also important to consider the evidence of the tradeoffs associated with agroforestry (Van 
Noordwijk et al., 2018, Rahman et al., 2016, Power, 2010). There is a growing interest in the 
potential of agroforestry and an increasing awareness of the role agroforestry can play in creating 
a diversified, multi-dimensional farming system (Jose et al., 2012, Lovell et al., 2017, Jordan, 
2013, Dollinger and Jose, 2018). Nevertheless, viewed in broader perspective, the integration of 
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agroforestry into practice is still relatively low. For instance, the USDA estimates that 
agroforestry is applied on less than 1% of agricultural land with the potential for agroforestry 
through USDA assisted programs (USDA, 2013). This SM will therefore provide important 
evidence synthesis that may support initiatives to disseminate agroforestry knowledge and 
promote broader adoption of agroforestry as an alternative land use strategy across different HIC 
contexts. Additionally, it will help to find evidence of potential tradeoffs that come with the 
establishment of agroforestry practices. 
 
Why bibliometric analysis is important 
Given the broad scope of the SM, it becomes clear that agroforestry research branches 
across many disciplines, linking a range of social and natural scientists and engineers, among 
others, around a common topic. Although agroforestry provides a wide range of benefits, 
including agricultural productivity, ecosystem services, and human well-being, rarely do single 
researchers or research groups use multiple approaches to study agroforestry or address multiple 
dimensions of agroforestry outcomes simultaneously. As a result, knowledge of the socio-
economic and biophysical impacts of agroforestry remains partial and fragmented, often along 
disciplinary lines. Improving knowledge and practice requires a more integrated understanding 
of the relationships across different outcomes and the methods generating them. To address this 
need, I conducted a bibliometric study of the agroforestry knowledge domain using the results of 
the high-income countries systematic map and the low- and middle-income countries evidence 
gap map.  
Bibliometric and keyword studies can help us better identify trends in scientific research 
and measure the extent of collaboration between researchers and between research endeavors 
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within a highly interdisciplinary field. Bibliometric analyses are conducted across a wide range 
of disciplines and can help demonstrate the evolution and trends of a growing field, provide 
insight into the nature of collaboration networks across countries and regions, and assess the 
scope of subjects through keyword analysis. There have been numerous bibliometric studies 
conducted in similar or adjacent fields to agroforestry, such as climate change in agriculture and 
forestry (Aleixandre-Benavent et al., 2017), organic farming (Aleixandre et al., 2015), resiliency-
vulnerability-adaptation within the human-dimensions of global environmental change (Janssen 
et al., 2006), global biodiversity (Liu et al., 2011), global climate change (Li et al., 2011), and 
smallholder reforestation and livelihoods (Ota et al., 2018). The study on the human-dimensions 
of global environmental change investigates resiliency, vulnerability, and adaptation as distinct 
knowledge domains, and it shows how these knowledge domains interact by using bibliometric 
analysis techniques (Janssen et al., 2006). However, most bibliometric studies are limited in that 
they do not tend to extract additional information from the full text. Typically, bibliometric 
studies conduct a broad search using targeted keywords (as we do in the first stage of 
systematically mapping the evidence), and then perform a simplified screening process of just 
title and abstract, with no full-text screening or extraction. Therefore, performing a similar 
bibliometric study with the full set of data extracted by our systematic mapping process will shed 
additional insight and offer a deeper analysis of the literature. By doing my bibliometric analysis 
for the body of literature contained in the agroforestry impacts HIC SM and L&MIC EGM, I 
include a wider breadth of literature than just the literature associated with a specific subject or 
keyword (e.g. “agroforestry”), and it reduces the noise of unrelated literature which was 
erroneously assigned the keyword of interest (e.g. papers that do not evaluate an agroforestry 
practice but which include the keyword “agroforestry”). 
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Target audience  
Evidence maps display the existing evidence base of research for a topic to quickly 
identify concentrations and gaps in research areas and help locate and combine information for 
policymakers and researchers (McKinnon et al., 2015). There are two primary audiences for the 
research presented in this thesis. First, I expect that researchers on agroforestry and broader 
sustainability issues will use the results to inform further investigations on these topics, including 
new empirical research, as well as systematic reviews of specific linkages and further evidence 
synthesis. Results should be of wide interest to researchers in a range of institutions, particularly 
national programs (USDA, AGFORWARD, etc.), national and regional agroforestry associations 
and extension programs, and universities. The second main anticipated audience is decision-
makers for whom agroforestry is already or potentially of interest. This includes relevant 
government ministries and agencies, non-governmental organizations (NGOs), and other 
advocacy and implementing organization staff. These groups of decision-makers can use this SM 
to guide funding priorities for policies and future research based on evidence. With this SM, 
policymakers can design agroforestry programs and policies that are informed by existing 
evidence that demonstrates what works to create solutions that are more likely to succeed.  
Organization of thesis 
The rest of this thesis proceeds as follows. Chapter 2 presents the systematic map of 
evidence on the impacts of agroforestry in high-income countries. Chapter 3 consists of the 
bibliometric and network analyses of the literature included in this systematic map of 
agroforestry evidence for HICs as well as the literature included in the L&MICs agroforestry 
evidence gap map. Finally, Chapter 4 offers concluding remarks and sketches out the 
implications of this work for future research and policy.  
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CHAPTER 2: SYSTEMATIC MAP OF EVIDENCE ON AGROFORESTRY 
IMPACTS 
Introduction 
Agroforestry research has surged in popularity in the past decades, with an expanding 
body of literature evaluating its impacts on environmental outcomes, including biodiversity 
conservation, soil fertility, water quality, erosion control, and carbon sequestration, as well as 
social outcomes such as poverty, food security, and human health and nutrition (Waldron et al., 
2017, Garrity, 2004, Mbow et al., 2014a, Mbow et al., 2014b, Atangana et al., 2014b, Gordon et 
al., 2018). Researchers are working globally, bridging numerous disciplines, and studying 
agroforestry through many different perspectives. Rarely, however, do single researchers or 
research groups use multiple approaches to study agroforestry or address multiple dimensions of 
agroforestry outcomes simultaneously. As a result, knowledge of the social-economic and 
biophysical impacts of agroforestry remains partial and fragmented, often along disciplinary 
lines. Improving knowledge and practice requires a more integrated understanding of the 
relationships across different outcomes and the methods generating them. Given the dispersed 
nature of agroforestry literature, agroforestry is an ideal subject for evidence synthesis using 
systematic mapping techniques.  
Systematic mapping is a method of collecting, compiling, and displaying relevant 
information on a given subject using a rigorous, systematic process (James et al., 2016, CEE, 
2018). It addresses the problem found in many fields where literature is highly dispersed, making 
it difficult to find, understand, and assess. Systematic maps aim to assemble the relevant research 
and present it in a coherent way. The result is a database of studies specifically on the research 
topic, with detailed information on each study. Systematic maps describe the extent and content 
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of existing subject literature, and they are useful when the evidence base is too spread out or 
broad for a systematic review. Here, I create a systematic map of the available evidence for the 
impacts of agroforestry on agricultural productivity, ecosystem services, and human well-being 
in all HICs. The resultant systematic map forms a basis for subsequent bibliometric and network 
analyses to investigate trends and visualize the nature of agroforestry literature. 
By mapping the existing evidence of agroforestry practices in high-income countries with 
their impacts on agricultural productivity, ecosystem services, and human well-being, I create an 
easily navigable database of relevant research related to agroforestry impacts as well as form a 
clearer picture on key areas of interest for further research. The results encompass research from 
all high-income countries, which will allow researchers and policymakers to utilize knowledge 
gained from contexts around the globe. 
This systematic map (SM) directly parallels an evidence gap map (EGM) of the impacts 
of agroforestry in L&MICs that is currently in progress by members of same research group 
(Miller et al., 2017). The approach for this research draws heavily from the L&MIC EGM 
protocol since the methods are intentionally aligned. Although these two maps are intended to 
directly parallel one another, it is important to acknowledge that there are differences in the types 
of agroforestry practiced and studied between HICs and L&MICs. These differences may in part 
be explained by greater wealth and resources associated with the socio-political histories in HICs 
than in L&MICs as well as different types of climates, with HICs being predominantly in 
temperate climates and L&MICs being predominantly in tropical climates. Furthermore, the 
L&MIC EGM has a stronger emphasis on agroforestry interventions since it was conducted 
through the International Initiative for Impact Evaluation (3ie), which focuses on synthesizing 
evidence on the impacts of specific development interventions. By contrast, this SM presents 
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studies on the impacts of both agroforestry interventions as well as agroforestry practices in 
general, without placing an emphasis on one or the other. Appendix C describes engagement 
with stakeholders throughout the development of the L&MIC EGM and HIC SM. 
 
Objectives 
The primary aim of this systematic map is to identify, map and describe existing evidence 
on the effects of agroforestry practices and interventions on agricultural productivity, ecosystem 
services, and human well-being in HICs.  
In doing so, it addresses the following research questions: 
1) What are the extent and characteristics of empirical evidence on the effects of 
agroforestry practices and interventions on agricultural productivity, ecosystem services, 
and human well-being in HICs? 
2) What are the major gaps in the primary evidence base? 
3) What are the agroforestry practice/intervention and outcome areas with potential for 
evidence synthesis?  
To address these research questions, the scope is defined by the Population, Intervention or 
Practice, Comparator, and Outcome (PICO) components to be examined as presented in Table 3. 
 Table 3: Elements of the Agroforestry Systematic Map 
Population 
(Subject) 
Intervention or 
Practice 
Comparators Outcomes 
Farmers and/or 
farmland in 
high-income 
countries 
Adoption or 
implementation of one 
or more of the defined 
agroforestry practices 
or interventions 
Control site without 
agroforestry; or, 
before-after time-
series comparison on 
same site 
Positive, negative, or neutral 
effects on agricultural 
productivity, ecosystem 
services, or human well-
being 
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Chapter structure 
This chapter is structured as follows. First, I describe the methodology used in this SM, 
including the search strategy and inclusion criteria. Then, I present the study results, providing a 
comprehensive portrait of the current evidence base on the impacts of agroforestry interventions 
and practices on agricultural productivity, ecosystem services, and human well-being. Finally, I 
conclude by summarizing the findings and drawing out potential implications of this EGM for 
future research, policy, and practice on agroforestry. 
 
Methods 
This section provides an overview of the methods that I used for the systematic mapping 
procedure. Additional details are presented in a peer-reviewed, published protocol (Brown et al., 
2018) that has guided this research.  
 
Search strategy 
The methods for the searches, screening, and inclusion criteria closely follow those used 
for the L&MIC EGM (Miller et al., 2017), with a few modifications to adapt the process to 
account for differences between HIC and L&MIC concepts of agroforestry.  
I conducted a comprehensive search using multiple sources to best capture an unbiased 
representation of existing literature. The searches were carried out on multiple bibliographic 
databases and on relevant organizations webpages (grey literature sources). Studies from January 
1, 1990 to August 2, 2018 were included in the search; however, I will only present the results 
for the last decade from January 1, 2008 through August 2, 2018 in this thesis. I begin the study 
period in 1990 as this was a pivotal point for environmental issues gaining traction in global 
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policy and when environmental aid investment escalated, following the Earth Summit in 1992 
and the Framework Convention on Climate Change and the Convention on Biological Diversity 
(Miller, 2014). The early 1990s was roughly the time that HICs saw increased support for 
agroforestry and other approaches designed to further environmental goals, as discussed earlier. I 
wanted to investigate where the field has come since the 1990s, so I consider the last decade of 
research in my master’s thesis project. Looking at the past decade of research allows me to 
assess where the research has landed since the early days of agroforestry research and gives a 
better idea of which aspects of agroforestry practices, interventions, and outcomes were 
perceived to be the most pertinent for further research since the 1990s. The search was done 
through use of search engines, based on key words within the identified databases. When such a 
strategy was not possible (e.g. for some topical databases), hand searches were performed to 
extract all potentially relevant studies. A detailed assessment of retrieval performance is 
provided in (Brown et al., 2018). Due to resource constraints, we only included English language 
studies, which places limits on the comprehensiveness of this study. The databases and search 
terms are described in full in (Brown et al., 2018). This report consists of only the studies for the 
years 2008 through 2018.  
 
Screening 
I led the screening of the retrieved studies, and three research assistants helped with the 
screening. We first reviewed search results at the level of title and then abstract to determine 
inclusion or exclusion. We double screened a small subset of 100 training studies at the title and 
abstract stage and then use the approach in Snilstveit (2016) for securing agreement among 
coders. We used this training set consisting of 100 studies randomly selected from an initial 
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search using our search string in Web of Science to assess agreement among coders. The 
reviewers discussed any discrepancies between coding for this subset to reach agreement. Based 
on a training set of studies screened by all reviewers, inter-rater reliability was calculated using a 
Kappa statistic for all studies double screened at title and abstract levels (Cohen, 1960). If the 
Kappa test agreement falls below 0.6, indicating moderate agreement, an additional reviewer will 
be consulted and an additional set of 100 test studies will be screened by all reviewers, as in 
(Haddaway et al., 2016, Ottoy et al., 2018).  
The online literature review and reference management software EPPI-Reviewer 4 
(Thomas et al., 2010) was used to upload relevant titles and abstracts for candidate studies 
identified through the search strategy. During the screening process, when a rater was uncertain 
about study eligibility, the relevant study was marked for a second opinion and screened by a 
second rater. As the lead reviewer, I checked the consistency of coding periodically throughout 
the coding process for a subset of studies at the title and abstract screening phase and at the full-
text screening stage. At both the title and abstract screening phase and the full-text data 
extraction stage, a subset of 10% of the studies was assessed by at least two reviewers. Studies 
where there is inconsistency or disagreement was marked as “Re-evaluate” in EPPI-Reviewer 4 
and was discussed by reviewers to reach agreement.  
 
Criteria for including and excluding studies 
Given that this map is meant to offer a resource for decision-makers, as well as identify 
gaps and well-researched areas in the current evidence base, it will include both primary studies 
and systematic reviews. All included studies must explicitly examine the outcomes of specific 
agroforestry practices and interventions. Furthermore, they must use a comparator, which may be 
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temporal, spatial, between group, or some combination of these. We excluded theoretical or 
modeling studies (unless they include a relevant empirical example with design that meets 
inclusion criteria), and editorials and commentaries. Experimental trials managed by researchers 
were not included due to time and resource constraints and since the population of interest for 
this systematic map is farmers and farmer’s land. These experimental off-farm trials, however, 
were excluded into a separate bin in EPPI-Reviewer 4 and be available as a base for future work 
and synthesis. On-farm field trials were included if all other eligibility criteria were met. 
Four kinds of studies were included: 1) Quantitative impact evaluations, 2) systematic 
reviews, 3) farmer-implemented field trials that test specific agroforestry techniques and 
approaches, and 4) observational studies on the effect of agroforestry practices. Detailed 
descriptions explaining each of these types of studies is given in (Brown et al., 2018).  
I follow the PICO format (population, intervention, comparator, outcome) to define the 
inclusion criteria for this SM as follows. 
Relevant subject (population): 
The subject of interest will be farms and/or the people that live and farm on them that are 
incorporating any agroforestry practices into their farming system within the high-income 
countries. 
Relevant intervention or practice:  
This SM captures studies evaluating the impacts of interventions to support agroforestry 
as well as those evaluating agroforestry practices alone. From a policy perspective, it is 
especially useful to know what kinds of interventions might most effectively promote 
agroforestry practices to yield desired social-ecological outcomes. Although impact evaluations 
on agroforestry-related interventions (Table 2) are of particular interest for policymakers, this 
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study also includes studies on the impacts of specific agroforestry practices (Table 1) without a 
policy intervention, which broadly captures the impacts of agroforestry practices. This SM 
therefore includes any study that meets our criteria that evaluates the impacts of one or more 
agroforestry practices or interventions. In our map, we indicate studies that include an evaluation 
of an agroforestry-related intervention, versus studies that evaluate the impact of only an 
agroforestry practice without a policy intervention. We conduct analyses on the body of 
agroforestry practice impact studies as well as on the body of studies evaluating the impacts of 
specific agroforestry interventions.  
Relevant comparator: 
Farm or household that does not adopt a given practice identified in Table 1, or is not 
exposed to a specific agroforestry intervention,  
OR 
Farm or household before adopting a given agroforestry practice, or being exposed to a 
specific agroforestry intervention, 
OR 
Farm or household that adopts a different agroforestry practice, and/or that is exposed to 
a different specific agroforestry intervention,  
OR  
Primary forests, secondary forests, or managed forestry/plantations that not exposed to a 
specific agroforestry intervention,  
OR 
A combination of two or more of the above. We did not include studies that only 
compare agroforestry practices with other agroforestry practices (i.e. studies that only evaluate 
25 
different implementation of the same agroforestry practice, or studies that only evaluate multiple 
types of agroforestry practice).  
Relevant outcomes: 
The columns of the SM matrix are comprised of three broad outcome categories: 1) 
agricultural productivity, 2) ecosystem services, and 3) human well-being.  
Studies that focus exclusively on the adoption of a particular agroforestry technique or 
species without reference to impact were excluded. The primary outcomes are the three stated 
above (agricultural productivity, ecosystem services, and human well-being), and secondary 
outcomes such as adoption and behavior change, which are only reported if the study also reports 
primary outcomes. 
Specific outcome categories under agricultural productivity comprise farm productivity, 
including yield, and profitability. 
Ecosystem services outcomes are first classified under three broad categories: a) 
provisioning, b) regulation and maintenance, and c) cultural services. Outcomes are further 
divided into a number of specific categories following the Common International Classification 
of Ecosystem Services (CICES) developed by the European Environment Agency (European 
Environment Agency (EEA), 2017) and presented in Table 4. CICES builds from the seminal 
Millennium Ecosystem Assessment (Millennium Ecosystem Assessment, 2005), The Economics 
of Ecosystems and Biodiversity (Kumar, 2010), and other ecosystem services classification 
schemes. 
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Table 4: Classification of ecosystem services outcomes in broad and specific categories. Specific 
categories divide each broad category into main types of output or process (European 
Environment Agency (EEA), 2017).  
  
Broad Category  Specific category  Examples  
Provisioning 
Energy 
• Biomass-based energy sources (plant and animal) 
• Mechanical energy (animal-based) 
Materials 
  
• Biomass (e.g. Fiber and other materials from 
plants, and animals for direct use or processing) 
• Water (Surface or ground water for non-drinking 
purposes) 
Nutrition 
• Biomass (e.g. cultivated crops, reared animals and 
their outputs, wild plants and animals and their 
outputs, etc.) 
• Water (e.g. surface or groundwater for drinking) 
 
Regulation & 
Maintenance 
Mediation of 
waste, toxics and 
other nuisances 
• Filtration/sequestration/storage/accumulation/ 
Mediation of smell/noise/visual impacts 
• Weed and pest control 
Mediation of 
flows 
• Mass stabilization and control of erosion rates 
• Hydrological cycle and water flow maintenance 
• Flood & storm protection 
 
• Ventilation and transpiration 
Maintenance of 
physical, 
chemical, 
biological 
conditions 
   
• Lifecycle maintenance, habitat, and gene pool 
protection (Pollination and seed dispersal, 
maintaining nursery populations and habitats) 
• Biodiversity 
• Pest and disease control 
• Soil formation and composition 
• Water conditions 
• Atmospheric composition and climate regulation 
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Table 4 Continued: 
 
For human well-being, the final broad outcome we examine, we adapted the classification 
published in (McKinnon et al., 2016) to identify a set of key policy-relevant domains of human 
well-being (Table 5). Based on likely policy interest and goals typically articulated by 
proponents of agroforestry, we focus on five dimensions of human well-being: income and 
household expenditure, housing and material assets, food security and nutrition, health, and 
cultural and subjective well-being. We also include the category of “other” which may group 
some studies focusing on the other dimensions of human well-being identified in McKinnon et 
al. (2016). In this last category, we note any mention of adaptive capacity or resilience, 
especially with reference to the impacts of climate change. In the following sections, I will 
present the three outcomes in the SM main matrix in two ways: 1) a simplified typology of broad 
agroforestry practice/intervention and outcome categories and 2) a more detailed version with the 
specific agroforestry practice/intervention and outcome categories. 
 
Broad Category  Specific category  Examples  
Cultural 
Physical and 
intellectual 
interactions with 
environmental 
settings 
• Physical and experiential interactions (use of 
plants and animals) 
• Intellectual and representative interactions 
(scientific, education, heritage/cultural, aesthetic, 
etc.) 
Spiritual, 
symbolic and 
other interactions 
with 
environmental 
settings 
• Spiritual and/or emblematic (symbolic, sacred, and 
religious use of plants and animals) 
• Other cultural outputs (existence, bequest of plants 
and animals) 
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Table 5: Domains and definitions of human well-being outcomes, as presented in (Miller et al., 
2017) (adapted from (McKinnon et al., 2016)). 
Domain Definition 
Income and 
household 
expenditure 
Total household income and expenditure, farm and non-farm 
income, employment, employment opportunities, wealth, poverty, 
savings, payments, loans 
Housing and 
material assets  
Shelter, assets owned, access and availability of fuel and basic 
infrastructure (electricity, water, telecommunications and 
transportation) 
Food security and 
nutrition 
Physical and economic access to sufficient, safe and nutritious food 
that meets dietary needs and food preferences for an active and 
healthy life (FAO). Usually measured using food consumption, 
expenditure, prevalence of undernourishment and nutritional status 
Health 
Physical health, longevity/life expectancy, maternal health, child 
health, access to health care, occurrence of diseases, mental health 
Cultural and 
subjective well-
being 
Measures of happiness, quality of life, cultural, societal and 
traditional values of nature, sense of home, cultural identity and 
heritage, spiritual or religious beliefs and/or values  
Other 
E.g. informal education (i.e. transfer of knowledge and skills); 
social relations (i.e. interactions between individuals and within 
and/or between groups); governance (i.e. structures and processes 
for decision making including both formal and informal rules); land 
and resource security; freedom of choice and action (i.e. ability to 
pursue what one values doing and being); adaptive capacity and 
resilience (i.e. ability to cope with perturbations and take advantage 
of new opportunities due to social and environmental change, 
especially climate impacts).  
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Types of settings 
Agroforestry interventions and outcomes take place in a range of settings in HICs. These 
settings cover a range of ecoregions and are primarily rural, but they may also be urban areas 
(e.g. city gardens). We include studies that pertain to both smallholder and large landowners.  
 
Study quality assessment 
Systematic maps do not tend to provide much information on study quality, but rather 
simply provide the broad overview of knowledge and highlight areas where there is the potential 
for further review and literature quality assessment (James et al., 2016). Therefore, we did not 
conduct study quality assessments on the studies included in this SM.  
However, this study includes information about type of study design, referring to the 
types of study design presented above, including quantitative impact evaluations (experimental 
or quasi-experimental), systematic reviews, on-farm field trials (farmer-managed or researcher-
managed), and observational studies on the effect of agroforestry practices. Furthermore, the 
type of quasi-experimental methods used, if applicable, were documented. This data is not 
intended to offer an assessment of study quality, but rather provide basic information to get a 
broad perspective of the type of research being conducted in each area of the typology.  
We did not find any included studies authored by the coders of this systematic map, so 
there was no conflict of interest.  
 
Data Coding Strategy 
We used a standardized data extraction form to extract descriptive data from all studies 
meeting our inclusion criteria (Appendix B). I created a codebook describing the scope of each 
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question in the data extraction form. Given the volume of studies, I did not carry out extensive 
side-by-side double extraction of data at the full text stage. Instead, I conducted random spot 
checks of a small percentage of included articles to ensure consistency between raters.  
 
Results 
This section reports and discusses the 288 studies identified from our search and 
screening process for this SM. I describe the search and screening process, discuss the 
characteristics and trends of the evidence base, and examine the body of literature for 
concentrations and gaps in the evidence.  
The number of studies shown in each distribution chart refers to the total number of 
studies falling under each domain presented. Individual studies may be classified under multiple 
domains. For instance, if a study examines the impacts of multiple practices, that study would 
add to the count for each practice associated with that paper. The sum of studies for each figure 
may therefore be greater than the number of unique studies associated with that figure.  
 
Search and screening, volume of evidence base 
Figure 3 provides an outline of the search and screening process we used to identify 
included studies. I identified 26,975 records through our search of academic databases and 
topical website-based databases (grey literature). I imported the records from academic databases 
into our data management software (EPPI-Reviewer 4), and I used the built-in tool to aid in 
removing duplicates. The grey literature was imported into and managed in Microsoft Excel due 
to reference format incompatibility with EPPI-Reviewer 4. We first screened the records at the 
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title and abstract level, excluding studies that did not meet our criteria for study country, 
publication year, study type, and relevant agroforestry practice or intervention.  
As with other areas of social science (Waddington et al. 2012), many studies used 
obscure titles and unstructured abstracts, making it difficult to determine whether a paper met the 
inclusion criteria. In these cases, we had to review the full text. After the title and abstract 
screening, I then downloaded the 3,315 remaining records included at the title and abstract level 
for full text screening. For the years 2008-2018, there were 1,681 studies to screen at the full text 
stage, and this chapter reports only on these studies. At the full-text stage, for the years 2008-
2018, we included 288 studies for data extraction, and we excluded the remaining studies, which 
did not meet our criteria for study country, publication year, study type, population, relevant 
agroforestry practice or intervention, comparator, and relevant outcome.  
Of these 288 included studies, 269 studies present empirical evidence on the impacts of 
agroforestry practices, of which 21 report evidence on the impacts of agroforestry interventions 
(only one of which is an impact evaluation), and 19 studies are systematic reviews. Six of these 
systematic reviews had systematic review protocols associated with them, and we did not find 
any protocols for reviews in progress. All included studies were published by the time of our 
search. We also identified approximately 584 additional studies as field trials potentially relating 
to agroforestry practices. These studies were excluded and not reviewed further; however, they 
comprise an evidence base of potential interest for further study. Additionally, we captured 569 
simulation/modeling studies of potential interest evaluating the potential outcomes or design 
optimization of agroforestry systems. The reasons why studies were excluded at each stage is 
presented in. Due to the large number of studies screened at full text, I do not provide a full list 
of excluded studies here, but this list is available upon request.
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Figure 3: PRISMA Flow Diagram 
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We used a standardized data extraction form (presented in Appendix B) to extract 
descriptive data from all studies meeting our eligibility criteria. A codebook describing the scope 
of each component of the data extraction form is included as part of Appendix B as well. This 
standard was followed by all coders conducting data extraction. As the primary coder, I checked 
the data extraction for all included studies to ensure consistency and completeness.  
Most primary studies (70%) were classified as correlational studies, indicating a high risk 
of bias and low study quality for this evidence base. There were 52 studies (18%) that were 
experimental (conducted on-farms), and 17 before-after studies. Finally, there were 16 
perception/survey type experiments. Overall, there was a high risk of bias associated with the 
evidence base given the concentration of correlational studies.  
 
Characteristics and trends of the evidence base from empirical evidence for practices 
This section concerns the set of empirical studies assessing the impact of agroforestry 
practices without evaluating an intervention. As discussed in Chapter 1, I identified six different 
general practice types, representing fourteen different specific practices, which are detailed in 
Figure 4. The included studies compare agroforestry practices against other land use practices, 
such as conventional agricultural or forestry, for at least one of the outcome categories we 
defined. As such, they represent the existing evidence relating different agroforestry practices 
and social-ecological outcomes. We identified 269 practice studies that included mention of at 
least one agroforestry practice and at least one relevant outcome.  
Most of the practice studies used a correlational study type (n= 201, 70%). There were 
also 52 on-farm experimental studies (18%), 17 before-after studies (6%), and 16 
perception/survey type studies (6%). 
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Distribution of studies across practices 
Figure 4Figure 4 shows the distribution of studies by agroforestry practice described, 
noting that some studies looked at more than one type of agroforestry practice. The most 
common general practice type was agrisilvicultural. Over two-thirds of the studies evaluated 
agrisilvicultural practices (n=189, 70%). The second most common practice was silvopastoral 
agroforestry, with 62 studies (23%). Forest farming was described in 29 studies (11%) and 
agrosilvopastoral practices were analyzed in six studies (2%). Only four studies evaluated urban 
agroforestry (1%) and no studies considered agroforestry with fish/insects. Three of the studies 
did not specify what they meant by agroforestry, which we marked as agroforestry (general). 
Note that the total percentage here, and at different points throughout this report, can be more 
than 100% as a given study could include more than one practice/intervention and outcome. The 
percentages throughout are based on the percent of studies evaluating the specified subject. 
When looking at specific practices (Figure 4), hedgerows, shelterbelts, and windbreak 
systems surrounding crop fields or pasture were by far the most studied (n=120, 45%; n=104 for 
crop fields, 39%, n=16 for pasture, 6%). The next most studied practices were riparian buffers 
(n=57, 21%) and trees/shrubs on pasture (n=53, 20%). Most of the forest farming studies looking 
at forest grazing (n=27), with few considering forest farming (n=3). Although we found more 
studies looking at forest farming and at urban homegardens with trees, few had a relevant 
comparator, resulting in only three and four studies included for these practices, respectively.  
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Figure 4. Distribution of studies by agroforestry practice 
 
 
Distribution of studies across outcomes assessed 
Figure 5 shows the distribution of studies by agroforestry outcomes assessed. Ecosystem 
services by far the most commonly assessed general outcome category (n=251, 93%) followed 
by agricultural productivity (n=32, 12%) and human well-being (n=16, 6%). By far the most 
common specific outcome studied was the regulation and maintenance of physical, chemical, and 
biological conditions (n=224, 83%), an ecosystem services outcome ( 
Figure 5). The next most common outcomes were regulation and maintenance for 
mediation of waste, toxics, and other nuisances (n=35, 13%) and agricultural productivity (n=31, 
12%). The human well-being outcome category was the least well studied. The most common 
outcomes for the human well-being category were household and income expenditure (n=10, 
4%) and cultural and subjective well-being (n=9, 3%).  
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Figure 5. Distribution of studies by outcome 
 
 
Practice-outcome linkages 
Looking at the combination of practices and outcomes, Figure 6Figure 6 shows that the 
majority of practice-outcome linkages focus on agrisilvicultural practices and examined impacts 
on ecosystem services (n=174, 65%). The second most common outcome for agrisilvicultural 
practices was agricultural productivity (n=19, 7%). There were relatively few observations 
focused on human well-being outcomes (n=17, 6%). Ecosystem services were by far the most 
studied outcome for every type of practice. 
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Figure 6. Distribution of studies by practices and outcomes  
  
 
Figure 7Figure 7 shows the diversity of more specific linkages between practices and 
outcomes. The most studied linkage was the effect of hedgerows, shelterbelts, and windbreak 
systems on the regulation and maintenance of physical, chemical, and biological conditions 
(n=88, 33%). These studies are primarily ecosystem services related to biodiversity/habitat 
provision and soil and water quality. The other most commonly studied linkages were for studies 
that focused on this same outcome with riparian buffer strips (n=53, 20%), trees/shrubs on 
pasture (n=42, 16%), and forest grazing (n=26, 10%).  
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This heat map reveals a concentration of studies on the impacts of linear boundary 
practices on ecosystem services such as habitat provision for biodiversity conservation and for 
soil and water quality. At the same time, it shows some major gaps, with many linkages poorly 
explored or not examined at all. Although there is some evidence of on-farm impact of 
agroforestry practice on yields, most of this information comes from field trials, which were not 
included in this SM. We identified very little evidence on human well-being impacts, such as 
those relating to health, nutrition, and income. Among ecosystem services outcomes studied, our 
map reveals a focus on regulating and maintenance rather than provisioning.  
 
Figure 7. Distribution of studies by specific practices and outcomes  
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Geographic distribution of studies 
This SM includes 269 primary studies from across HICs in different world regions 
(Figure 8, Figure 9). Europe and Central Asia was the most studied region with 134 studies 
(50%). The second most studied region in this SM was North America with 106 studies (39%), 
followed by East Asia and Pacific with 31 studies (12%). Latin America and the Caribbean four 
studies (1%).  
Within the regions, countries were unevenly represented. By far, the most studied country 
is the United States (n=78, 29%). In Europe, the most studied countries were in Spain (n=29), 
Italy (n=28), Portugal (n=14), and France (n=13), while many other countries had few to no 
studies. Canada and Australia were also both hubs of agroforestry research, with 27 and 20 
studies, respectively. Of the three major climate zones, the temperate region dominates this 
study, as most HICs are in the temperate zone (Figure 8). Parts of the USA and Australia extend 
into the subtropics and tropics, including Puerto Rico in the USA.  
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Figure 8. Distribution of practice studies by country and climatic zone 
 
 
Temperate (n=240) 
Temperate (n=240) 
Tropical (n=5) 
Subtropical (n=22) 
Subtropical (n=22) 
 
*Multiple climate zones (n=2) 
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Figure 9. Distribution of practice studies by country 
  
 
Distribution of studies by literature type and publication date 
There were six publication types for practice studies included in this SM. The clear 
majority of the practice studies included are journal articles, with 255 empirical studies (95%). 
Out of the fourteen remaining practice studies, three are book chapters (1%), eight are 
conference proceedings (3%), two are technical reports (<1%), and one is a PhD thesis (<1%). 
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The trend of number of publications by year from 2008-2018 is presented in Figure 10. 
There is no clear trend over the past ten years in publications. The data for 2018 only extends 
through the first eight months of the year, when the search was conducted (August 2018).  
 
Figure 10. Empirical evidence for practices by publication date  
 
 
Empirical evidence on agroforestry interventions 
This section of the SM covers the subset of studies that assessed the impact of 
agroforestry interventions. As mentioned in Chapter 1, we identified six different intervention 
types that promote and support the use of agroforestry, detailed in Table 2. In total, we found 21 
intervention-focused studies. Each intervention study included mention of at least one 
agroforestry intervention and practice and at least one relevant outcome.  
Only one study used experimental or quasi-experimental methods to evaluate the impacts 
of agroforestry interventions. This study used the intervention (the Great Plains Shelterbelt 
Project in the USA) as an instrumental variable to evaluate the short- and long-term effect of tree 
planting programs on agricultural revenue (Li, 2016). We found no intervention studies that used 
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a randomized experimental design. Overall, there is an apparent lack of impact evaluations for 
agroforestry programs and policies in HICs.  
These studies were published between 2009 and 2018, with the most publications in 2015 
(n=7, 29%), 2018 (n=5, 21%), and 2009 (n=4, 17%). Most of the studies were published as 
journal articles (n=23, 96%), and one was a PhD dissertation. The countries with the most 
intervention studies were Italy (n=7, 29%), UK (n=6, 25%), and USA (n=4, 17%). The most 
common world-region for the intervention studies was Europe and Central Asia (n=18, 75%), 
followed by North America (n=5, 21%), and finally East Asia and Pacific (n=1, 4%). Figure 
11Figure 11 shows the distribution of interventions geographically. All fall in the temperate 
climate zone, with one spanning multiple climate zones. 
Incentive provision was by far the most common intervention type (n=22, 92%). The 
most studied practices for all interventions were agrisilvicultural practices (n=19, 79%), with the 
most common types of specific practice being hedgerows, shelterbelts, and windbreak systems 
(n=16, 67%). The most studied intervention-practice linkage was incentive provision with 
hedgerows, shelterbelts, and windbreak systems (Figure 12). A notable finding of our review is 
that community-level campaigning/advocacy and market linkage facilitation are not the subjects 
of any impact evaluations. There is a paucity of such intervention impact studies generally, with 
only incentive provision moderately studied in HICs. We found more studies on farmer capacity 
development than we included since many of these studies only look at adoption of agroforestry, 
without looking at the subsequent social-ecological outcomes. 
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Figure 11. Distribution of intervention studies by country and climatic zone 
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Figure 12. Distribution of interventions and specific practices  
 
 
By far, the most studied outcome was ecosystem services (n=21, 86%). The most studied 
intervention-outcome linkage was incentive provision with ecosystem services (n=20, 83%). 
Regarding the specific outcomes studied, Figure 13 shows that the most-studied linkage was 
incentive provision with regulation and maintenance of physical, chemical, and biological 
conditions (n=19, 79%). 
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Figure 13. Distribution of specific outcomes and interventions 
 
There are many types of agroforestry programs and policies that are promoted in HICs to 
support the adoption of agroforestry practices. Temperate countries are increasingly developing 
agroforestry initiatives and policies, including financial incentives (payments), cost-share 
programs, farmer training programs, policy change (e.g. buffer requirements), tree germplasm 
provision, and market development. 
 However, only a few of these types of interventions have been evaluated in the literature 
and for only a few types of outcomes. Figure 14 shows the distribution of interventions and 
outcomes that have been studied based on the specific interventions that have been studied in the 
literature. Looking at this detailed distribution, we see that almost all occurrences of agroforestry 
intervention studies look at European agri-environmental schemes under the Common 
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Agricultural Policy as the intervention and some measure of biodiversity as the outcome. It is 
particularly surprising to see the lack of studies evaluating the impacts of agroforestry training 
programs since, for example, in the US there has been much work in developing free-access 
training materials, demonstration sites, and in-person training programs for farmers and 
extension agents through the USDA National Agroforestry Center, University of Missouri Center 
for Agroforestry, and Savannah Institute, among others. Although many of the interventions to 
support agroforestry in HICs are incentive provision interventions, we see that other intervention 
types that widely exist, such as farmer training and information provision, demonstration site, 
material support, and policy change, are relatively understudied compared to the extent that they 
exist. 
 
Figure 14: Distribution of agroforestry programs or policies studied in literature (left-hand 
column) and outcomes assessed for each program or policy studied (right-hand column). 
Numbers in parentheses represent the number of occurrences of studies including intervention or 
outcome. Arrows link interventions with the outcomes that have been evaluated at least once for 
each intervention. 
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Characteristics and trends of the evidence base from systematic reviews 
I identified 19 systematic reviews that fit the inclusion criteria. Only two of the identified 
reviews, (Batáry et al., 2015, Park, 2015), included evidence relating to agroforestry 
interventions. Table 6 provides detailed information on each of the 19 systematic reviews 
included. Many of the included reviews discussed multiple practices and outcomes. All but one 
of the studies were published between 2015 and 2018, with the earliest study published in 2013. 
Systematic reviews for agroforestry may therefore be a more recent trend. Six studies were 
published in 2018 by the time of our search (32%), four in 2017 (21%), two in 2016 (10%), six 
in 2015 (32%), and one in 2013 (5%). Of the 19 studies, nine were classified as meta-analyses 
(47%), five were systematic reviews (26%), and five were systematic maps (26%). Six of the 
included systematic studies used a protocol published prior to conducting their review (32%). 
There was a notable concentration of work focused on European countries, with several 
systematic studies published under the AGFORWARD project in the EU. Ten of the reviews 
were global in scope, coving temperate, subtropical, and tropical climates (53%). All the 
included studies used a systematic search strategy, but I also identified an additional 93 review-
type studies that did not use systematic search strategies. These 93 studies were not included in 
the SM, but a list of these studies is available upon request and will be made available online 
with the publication of this SM. 
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Table 6: Description of systematic reviews 
Title 
Pub. 
year 
Study 
region 
Review 
Type 
No. 
of 
studi
es 
Practice type(s) 
(general) 
Practice 
type(s) 
(specific) 
Outcome 
type 
Specific outcomes Reference 
The role of agri-
environment 
schemes in 
conservation and 
environmental 
management 
2015 
Europe 
and 
Central 
Asia 
Meta-
analysis 
103 Agrisilvicultural  
AS - 
Hedgerows, 
shelterbelts, 
and 
windbreak 
systems 
Ecosystem 
services 
Habitat/biodiversity 
(Batáry et al., 
2015) 
What is the 
impact of active 
management on 
biodiversity in 
boreal and 
temperate forests 
set aside for 
conservation or 
restoration? A 
systematic map 
2015 Global 
Systematic 
map 
798 Forest farming 
FF - Forest 
grazing 
Ecosystem 
services 
Habitat/biodiversity 
(Bernes et al., 
2015)  
Manipulating 
ungulate 
herbivory in 
temperate and 
boreal forests: 
Effects on 
vegetation and 
invertebrates. A 
systematic 
review 
2018 Global 
Systematic 
review 
144 Forest farming 
FF - Forest 
grazing 
Ecosystem 
services 
Habitat/biodiversity 
 (Bernes et al., 
2018) 
Soil carbon 
sequestration in 
agroforestry 
systems: a meta-
analysis 
2018 Global 
Meta-
analysis 
52 
Agrisilvicultural ; 
Silvopastoral ; 
Agrisilvopastoral 
Not specified 
Ecosystem 
services 
Carbon 
sequestration 
 (De Stefano 
and Jacobson, 
2018) 
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Table 6 Continued: 
Title 
Pub. 
year 
Study 
region 
Review 
Type 
No. 
of 
studi
es 
Practice type(s) 
(general) 
Practice 
type(s) 
(specific) 
Outcome 
type 
Specific outcomes Reference 
A systematic 
map of 
ecosystem 
services 
assessments 
around European 
agroforestry 
2016 
Europe 
and 
Central 
Asia 
Systematic 
map 
71 
Agrisilvicultural ; 
Silvopastoral ; 
Agrisilvopastoral ; 
Forest farming 
All 
Ecosystem 
services 
 Food ; Fresh water ; 
Fuel ; Fiber ; Medicine 
; Genetic resources ; 
Ornamentals ; Climate 
regulation ; Air quality 
; Water regulation ; 
Erosion control ; 
Water purification and 
waste treatment ; 
Regulation of human 
diseases ; Biological 
control ; Pollination ; 
Storm protection ; Fire 
hazard prevention ; 
Cultural diversity ; 
Spiritual and religious 
values ; Knowledge 
systems ; Educational 
values ; Inspiration ; 
Aesthetic values ; 
Social relations ; 
Sense of place ; 
Cultural heritage 
values ; Recreation 
and ecotourism ; Soil 
formation and 
retention ; Nutrient 
cycling ; Primary 
production ; Water 
cycling ; Production of 
atmospheric oxygen ; 
Provisioning of habitat 
 (Fagerholm 
et al., 2016) 
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Table 6 Continued: 
Title 
Pub. 
year 
Study 
region 
Review 
Type 
No. 
of 
studi
es 
Practice type(s) 
(general) 
Practice 
type(s) 
(specific) 
Outcome 
type 
Specific outcomes Reference 
Evaluating 
riparian 
solutions to 
multiple stressor 
problems in river 
ecosystems - A 
conceptual study 
2018 
Europe 
and 
Central 
Asia ; 
North 
America ; 
East Asia 
and 
Pacific 
Meta-
analysis 
138 Agrisilvicultural  
AS - Riparian 
buffer strips 
Ecosystem 
services 
Water quality ; 
Habitat/biodiversity 
 (Feld et al., 
2018) 
Which 
agroforestry 
options give the 
greatest soil and 
above ground 
carbon benefits 
in different 
world regions? 
2018 Global 
Meta-
analysis 
86 
Agrisilvicultural ; 
Silvopastoral ; 
Agrisilvopastoral ; 
Urban agroforestry 
All 
Ecosystem 
services 
Carbon sequestration 
 (Feliciano et 
al., 2018) 
Multiple 
ecosystem 
services 
provision and 
biomass logistics 
management in 
bioenergy 
buffers: A state-
of-the-art review 
2017 Global 
Systematic 
review 
58 Agrisilvicultural  
AS - Riparian 
buffer strips ; 
AS - 
Hedgerows, 
shelterbelts, 
and 
windbreak 
systems 
Ecosystem 
services 
Carbon sequestration ; 
Water quality ; Soil 
erosion ; Soil quality ; 
Biodiversity ; Energy 
(biomass) 
 (Ferrarini et 
al., 2017) 
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Table 6 Continued: 
Title 
Pub. 
year 
Study 
region 
Review 
Type 
No. 
of 
studi
es 
Practice type(s) 
(general) 
Practice 
type(s) 
(specific) 
Outcome 
type 
Specific outcomes Reference 
The 
multifunctional 
roles of 
vegetated strips 
around and 
within 
agricultural 
fields 
2018 Global 
Systematic 
map 
1072 Agrisilvicultural  
AS - Riparian 
buffer strips ; 
AS - 
Hedgerows, 
shelterbelts, 
and 
windbreak 
systems 
Ecosystem 
services 
terrestrial biodiversity 
; nitrogen nutrients ; 
water loss/retention ; 
phosphorus nutrients ; 
soil chemical and 
physical 
characteristics ;  pest 
control ; social ; 
farming economics ; 
recreation ; yield ; 
pesticides ; pathogens 
; GHGs ; 
climate/microclimate 
(Haddaway et 
al., 2018)  
Semi-natural 
habitats support 
biological 
control, 
pollination and 
soil conservation 
in Europe. A 
review 
2017 
Europe 
and 
Central 
Asia 
Systematic 
map 
270 Agrisilvicultural  
 AS - 
Hedgerows, 
shelterbelts, 
and 
windbreak 
systems 
Ecosystem 
services 
Pest control ; 
pollination services ; 
Carbon sequestration ; 
Soil resilience ; Weed 
control ; Water 
purification 
 (Holland et 
al., 2017) 
Ecosystem 
service delivery 
of agri-
environment 
measures: A 
synthesis for 
hedgerows and 
grass strips on 
arable land 
2017 Temperate 
Systematic 
review 
60 Agrisilvicultural  
 AS - 
Hedgerows, 
shelterbelts, 
and 
windbreak 
systems 
Agricultural 
productivity 
; Ecosystem 
services 
crop yield ; global 
climate regulation ; 
water purification 
from nitrogen and 
phosphorus ; erosion 
reduction ; pest 
regulation 
 (Van Vooren 
et al., 2017) 
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Table 6 Continued: 
Title 
Pub. 
year 
Study 
region 
Review 
Type 
No. 
of 
studi
es 
Practice type(s) 
(general) 
Practice 
type(s) 
(specific) 
Outcome 
type 
Specific outcomes Reference 
Mitigating the 
impacts of 
agriculture on 
biodiversity: bats 
and their 
potential role as 
bioindicators 
2015 
Europe 
and 
Central 
Asia ; 
Latin 
America 
and the 
Caribbean 
Meta-
analysis 
14 Agrisilvicultural  
 AS - 
Hedgerows, 
shelterbelts, 
and 
windbreak 
systems 
Ecosystem 
services 
Habitat/biodiversity  (Park, 2015) 
The importance 
of scattered trees 
for biodiversity 
conservation: A 
global meta-
analysis 
2018 Global 
Meta-
analysis 
62 Agrisilvicultural  
AS - Trees 
integrated in 
crop fields 
(multipurpose 
trees) ; SP - 
Trees/shrubs 
on pasture 
(multipurpose 
trees) 
Ecosystem 
services 
Habitat/biodiversity 
 (Prevedello 
et al., 2018) 
Effects of 
agroforestry on 
pest, disease and 
weed control: A 
meta-analysis 
2015 Global 
Meta-
analysis 
42 Agrisilvicultural  
AS - 
Improved or 
rotational 
fallow ; AS - 
Trees 
integrated in 
crop fields 
(multipurpose 
trees) ; AS - 
Alley 
cropping 
Ecosystem 
services 
Pest, disease, and 
weed control 
 (Pumariño et 
al., 2015) 
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Table 6 Continued: 
Title 
Pub. 
year 
Study 
region 
Review 
Type 
No. 
of 
studi
es 
Practice type(s) 
(general) 
Practice 
type(s) 
(specific) 
Outcome 
type 
Specific outcomes Reference 
How effective 
are on-farm 
mitigation 
measures for 
delivering an 
improved water 
environment? A 
systematic map 
2015 
Europe 
and 
Central 
Asia ; 
North 
America 
Systematic 
map 
718 Agrisilvicultural  
AS - Riparian 
buffer strips 
Ecosystem 
services 
Water quality 
 (Randall et 
al., 2015) 
Trees for life: 
The ecosystem 
service 
contribution of 
trees to food 
production and 
livelihoods in the 
tropics 
2017 Tropics 
Systematic 
Review 
74 Agrisilvicultural  
AS - Trees 
integrated in 
crop fields 
(multipurpose 
trees) ; AS - 
Alley 
cropping 
Agricultural 
productivity 
; Ecosystem 
services ; 
Human 
well-being 
Livelihood effects ; 
Yield ; Soil fertility ; 
Income ; Soil moisture 
; Primary production ; 
Pollination ; Pest 
control ; Biomass 
nutrient content ; 
Microclimate ; Soil 
conservation ; 
Biodiversity ; Carbon 
storage 
 (Reed et al., 
2017) 
A meta-analysis 
reveals mostly 
neutral influence 
of scattered trees 
on pasture yield 
along with some 
contrasted 
effects 
depending on 
functional 
groups and 
rainfall 
conditions. 
2013 Global 
Meta-
analysis 
27 Silvopastoral 
SP - 
Trees/shrubs 
on pasture 
Agricultural 
productivity 
; Ecosystem 
services 
Yield 
 (Rivest et al., 
2013) 
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Table 6 Continued: 
Title 
Pub. 
year 
Study 
region 
Review 
Type 
No. 
of 
studi
es 
Practice type(s) 
(general) 
Practice 
type(s) 
(specific) 
Outcome 
type 
Specific outcomes Reference 
Do European 
agroforestry 
systems enhance 
biodiversity and 
ecosystem 
services? A 
meta-analysis 
2016 
Europe 
and 
Central 
Asia 
Systematic 
review 
53 
Agrisilvicultural ; 
Silvopastoral ; 
Agrisilvopastoral ; 
Forest Farming  
All 
Ecosystem 
services 
Biodiversity ; Food 
production ; Timber 
production ; Biomass 
production ; Soil 
fertility/nutrient 
cycling ; Erosion 
control 
 (Torralba et 
al., 2016) 
Bats in the 
anthropogenic 
matrix: 
Challenges and 
opportunities for 
the conservation 
of chiroptera and 
their ecosystem 
services in 
agricultural 
landscapes 
2015 Global 
Meta-
analysis 
70 
Agroforestry 
(general) 
Not specified 
Ecosystem 
services 
Habitat/biodiversity ; 
Pest control ; 
Pollination 
 (Williams-
Guillén et al., 
2016) 
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Figure 15 summarizes all data found by number of linkages between each general 
practice category and outcome type considered by the reviews. If one review stated a practice 
with two different outcome types or a single outcome with multiple practices it would be counted 
multiple times in Figure 15. Like the findings for the empirical evidence, agrisilvicultural 
practices were the most common agroforestry practice studied (n=15, 80%) and ecosystem 
services were the most common outcome studied (n=19, 100%). All the studies considered some 
dimension of ecosystem services. Only three studies considered agricultural productivity as an 
outcome in their review (16%), and only one considered human well-being (5%). 
 
Figure 15. Distribution of systematic reviews by practices and outcomes 
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For the types of practices evaluated by the systematic reviews, 15 reviews looked at 
agrisilvicultural practices (80%), five of the reviews examined silvopastoral practices (6%), four 
looked at each agrosilvopastoral practices and forest farming practices (21% each), one study 
considered agroforestry generally, and one considered urban agroforestry (5% each).  
Figure 16 details the specific breakdown of the practices and outcomes. Regulation and 
maintenance of physical, chemical, and biological conditions was the most common outcome 
type (n=16, 84%). Eight studies considered regulation and maintenance to mediate wastes, 
toxics, and other nuisances (42%) and seven to mediate flows (37%). Six, four, and three studies 
considered the ecosystem services of provisioning of nutrition, energy, and materials, 
respectively. Two reviews considered the multiple dimensions of cultural ecosystem services 
(10%). Of the three that considered agricultural productivity (16%), only one included 
consideration of profitability. For the one review that considered human well-being, only the 
income and household expenditure outcome was evaluated. 
Among the specific practices from Figure 16, hedgerows, shelterbelts, and windbreak 
systems on arable fields was the most studied (n=9, 47%), followed by riparian buffer strips 
(n=7, 36%) and trees integrated in crop fields (n=6, 32%). There were five studies that 
considered trees/shrubs on pasture (26%) and four each for alley-cropping and forest grazing 
(21% each). Three considered improved or rotational fallow and another three considered 
hedgerows, shelterbelts, and windbreak systems surrounding pasture (16% each). There were 
two including forest farming, two not specified (10% each), and one including homegardens 
(5%).  
58 
Figure 16: Distribution of systematic reviews by specific practices and outcomes 
 
 
Concentration of Evidence and Gaps 
The results of this SM highlight several areas with a concentration of evidence and reveal 
several important gaps in research. There are two main reasons linkages may have little or no 
evidence: 1) the linkage is of research and policy interest but has not been well studied, or 2) the 
linkage is not of significant research and policy interest, including cases where the practice or 
intervention does not link logically with a given outcome, and therefore has not been 
investigated. 
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Evidence gaps in primary research 
The most notable “gap” relating to studies of the impact of agroforestry interventions is 
the low number of studies overall (n=21) and specifically using experimental or quasi-
experimental impact evaluation methods (n=1). Both the general and specific heatmaps for 
intervention-outcome linkages are striking for the empty cells they contain, which highlight the 
overall lack of evidence on the effects of interventions, which include any programs or policies, 
to promote agroforestry. Although incentive provision is a common strategy in high-income 
countries for promoting conservation practices on agricultural lands, these policies remain 
lacking in specificity for most agroforestry practices, limiting the possibility to evaluate their 
effectiveness. Of the included intervention studies, most were evaluations of incentive provision 
interventions, as expected given the predominance of this type of program in HICs. In terms of 
outcomes, ecosystem services were generally studied, with little work studying the impacts 
agricultural productivity and human well-being outcomes. This is strikingly different from the 
findings from the L&MIC EGM, which found relatively little work evaluating the impacts of 
agroforestry interventions on ecosystem services, with a focus on agricultural productivity and 
human well-being instead. There was also significantly more literature on the impacts of 
agroforestry interventions in L&MICs, with 40 studies evaluating agroforestry interventions, 
eight of which were impact evaluations using quasi-experimental methods. This highlights a 
major different in the types of objectives for agroforestry between HIC and L&MIC income 
groups. L&MICs are often the target for international aid to promote the UN Sustainable 
Development Goals, with a focus on human livelihood and food security (Garrity, 2004, 
Waldron et al., 2017). On the other hand, the main objective of HICs tends to be the integration 
of conservation practices into agricultural lands.  
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While this explains why there is the focus on regulation and maintenance type ecosystem 
services as an outcome of interventions designed to support the adoption and integration of 
agroforestry practices, the lack of research exploring the social dimensions is likely the hidden 
piece behind why farmers are not widely adopting agroforestry practices. There is extensive 
literature on the motivations and barriers to farmers in HICs on adopting agroforestry (Gao et al., 
2014, Valdivia et al., 2012, Valdivia and Poulos, 2008, Louah et al., 2017, Matthews et al., 
1993). Many studies in HICs have found that there is a lack of knowledge regarding the different 
agroforestry practices and the technical knowledge on how to effectively implement such 
practices. There are also financial barriers with the long lifecycle of trees on farms and attendant 
risks to long-term success of the system for the farmer. Although the environmental benefits of 
some agroforestry practices are generally well understood by farmers, these barriers prevent 
them from choosing to implement agroforestry practices on their farmland. To address the 
disconnect, knowledge of the social and economic impacts of agroforestry is vital. It is necessary 
to consider and address the costs and barriers to agroforestry adoption when designing programs 
and policies (Valdivia et al., 2012, Faulkner et al., 2014, Mattia et al., 2018). Furthermore, 
impact evaluations of the existing and future policies supporting agroforestry implementation 
can help us better understand what works, where, and what are the tradeoffs and win-win 
scenarios across multiple outcome objectives. 
The included intervention studies primarily consisted of evaluations of incentive 
provision type interventions, including payments for implementing conservation practices. I 
found little evidence on the impacts of other types of interventions. This finding is especially 
surprising for farmer capacity development interventions since there are many programs in HICs 
designed to provide technical support and training to farmers on agroforestry, which represents 
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substantial investments by governments and agencies. There are several likely reasons for these 
gaps in research on agroforestry interventions. First, agroforestry sits at the intersection of 
agriculture and forestry and balances between production and conservation. Its location at the 
intersection of these land use categories has often meant that the research communities of each 
field neglect agroforestry. This grey area where agroforestry falls also means that agroforestry is 
often overlooked by policies, as currently most countries have separate agricultural policies and 
forestry policies without national agroforestry policies. Second, there is often a significant lag 
between the adoption of agroforestry practices or systems, and measurable outcomes. Therefore, 
a complete evaluation requires a long-term commitment that increases the cost and time 
requirements of such studies.  
More generally, we highlight that only one of the 21 intervention studies in this SM was 
an impact evaluation that used quasi-experimental designs. No intervention studies used a 
randomized experimental approach. This gap underscores the need for more high-quality impact 
evaluation studies that use experimental or quasi-experimental designs. Agroforestry has started 
to be promoted and supported by agencies worldwide, yet there exists little evidence of the 
impact of this support. More impact evaluations of agroforestry policies, programs, and projects 
implemented on farmers land are urgently needed to help us understand what types of 
interventions work, under what circumstances, and with what effects for different objectives and 
social groups. 
The practice with the least amount of evidence is that of agroforestry including insects 
and fish (entomoforestry and aqua-silvo-fishery). We did not find any studies on this topic that 
met our inclusion criteria. I expect that this agroforestry practice is not especially prevalent on 
farmers’ land, which explains why it has not been much studied. The second least researched 
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category of practices is agrosilvopastoral, which I expect may be more prevalent in the world and 
may be more deserving of further investigation. There was also a surprising lack of studies on 
orchard meadows, given that these types of systems are likely more profitable to farmers and 
widely practiced, particularly in Europe. Finally, there was little evidence for homegardens with 
trees. This is in part due to our comparator criteria, as several studies on homegardens took 
inventory of the species and nutrition provided by those systems without providing any relevant 
comparator for those outcomes.  
I found that most primary studies look at regulation and maintenance of physical, 
chemical, and biological conditions ecosystem services, largely consisting of soil and water 
quality, habitat, and biodiversity outcomes. While agroforestry is promoted for many social and 
environmental services, the literature strongly focuses on the environmental outcomes. Human 
well-being was the least well-studied outcome category in the practice-focused SM. Health 
(n=1), housing and material assets (n=1), and food security and nutrition (n=2) outcomes were 
especially poorly covered. Unlike the L&MIC EGM, there was more of a focus on cultural and 
subjective well-being outcomes (n=9) in HICs. These cultural drivers were found to be a 
significant motivator for practicing agroforestry in HICs. Compared to the L&MIC EGM, we 
found more evidence on the cultural and subjective measures of human well-being, such as 
aesthetic and cultural value, but less evidence on income and nutrition. Although there are likely 
cultural drivers behind agroforestry practices in L&MICs, this dimension is less well studied in 
developing countries, where there is a stronger focus on other SDGs.  
Surprisingly, there was limited research on the productivity and profitability of 
agroforestry systems in HICs. This is a key gap in our understanding when we consider the 
barriers to agroforestry adoption. There is a difficulty in capturing the productivity and 
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profitability dimension of agroforestry systems since these systems take a long time to mature, 
much longer than a typical funding program would cover for a project. The long lifecycle and 
system complexity represent challenges in collecting reliable long-term data on productivity and 
profitability. There is also high variability in the design of agroforestry systems and the 
comparative productivity and profitability outcomes are highly dependent on location and 
climate variables, such as precipitation and occurrence of extreme weather events. However, 
researchers have been able to study these dimensions to some extent, particularly for linear 
boundary plantings, which are generally relatively simple, compared to more diverse production 
systems such as perennial polyculture plantings.  
Within the ecosystem services category, the specific outcome with the biggest gap 
provision of materials (n=1). The most researched ecosystem services category was regulation 
and maintenance of physical, chemical, and environmental conditions, which mostly refers to 
studies that evaluate the effect of agroforestry practices on soil quality and on biodiversity more 
generally. Across the world, in both HICs and L&MICs, we see a major focus of agroforestry to 
provide habitat and support biodiversity as well as promote soil fertility and water quality. 
Regulation and maintenance of physical, chemical, and environmental conditions was by far the 
most studied outcome for both this SM for HICs and the L&MIC EGM. Finally, although there 
was some literature on the impacts of agroforestry on carbon sequestration, there was a 
surprising lack of evaluation of agroforestry for climate change adaptation and mitigation. 
Agroforestry is broadly promoted as a potential pathway to help as a climate change solution 
through system resiliency and diversification; however, there was little evidence supporting this 
that met our criteria as an impact study. This lack of research is likely in part due to the current 
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low rates of adoption, which limits researchers’ ability to perform large-scale analyses of 
systems under extreme climate events, for instance. 
There were clear concentrations of evidence in the USA, Italy, Canada, Spain, and 
Australia for studies on agroforestry practices. Together, these five countries were the focus for 
68% of the studies on agroforestry practices, with the USA alone accounting for 29% of the 
included studies. These results are partially due to the size of the United States, with studies 
spread out across many states, and due to the fact that we did not include field trials conducted at 
experimental stations, of which there are many in France as well as in the UK, Canada and the 
US. Regionally, Europe and Central Asia has the largest number of studies; however, 19 of the 
37 HICs in Europe had no studies associated with them. I found that 55 of the 79 HICs, however, 
had no studies. This represents a potential gap in the literature and a potential limitation of this 
study, which only searched English language sources. There may be a large amount of 
agroforestry research that is missed by the larger body of agroforestry literature as it is published 
in languages other than English. In particular, there may be several relevant studies published in 
French, Portuguese, Spanish, or Japanese that we did not include due to the language restriction. 
There has been a lot of investment in studying dehesa and montado systems and associated 
policies in Spain and Portugal, but likely not all the research was published in English. There has 
also been stronger interest by the French government in agroforestry, with many field trials 
through INRA, such as the Restinclières Agroforestry Platform, and agri-environmental schemes 
intended to support agroforestry, and the impacts of this work may in part have been published in 
French rather than English. 
As mentioned above, the main gap in study type comes from the lack of studies that aim 
to establish causal relationships. Many of the included studies are correlational studies, where no 
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causal effect is estimated, and the results simply show whether a correlation exists between 
practices and outcomes. Out of the 269 empirical studies included, only one study used a quasi-
experimental method, but there were 50 on-farm experimental studies. We found no study that 
used a randomized control trial (RCT) to evaluate the effects of an intervention. The lack of 
quasi-experimental impact evaluation and RCTs is a major deficiency in the current evidence 
base. 
Finally, we found a complete lack of equity focus in the literature, both for interventions 
and for practices, with no studies disaggregating the impacts of agroforestry interventions or 
practices by gender, socio-economic level, race/ethnicity, or literacy/educational level. With the 
predominant focus on ecosystem service outcomes, this is an expected finding. Given the need 
for more impact evaluation studies in general, this provides little evidence of equity in 
agroforestry interventions. Future impact evaluation studies should consider incorporating 
measures of equity into their analyses.  
In this study, I found that many seemingly relevant studies were not included based on 
our criteria. Many studies, particularly those on agroforestry interventions, tended to stop their 
analysis at adoption of agroforestry without continuing to assess the subsequent social-ecological 
impacts. Many studies also lacked a non-agroforestry control to compare the relative impact of 
different land uses, which is vital for establishing convincing arguments for the impacts of 
agroforestry. We did not include simulation-based studies with predictive models since those do 
not evaluate the realized real-world impacts, even though these types of studies can make 
important contributions in this field. Finally, the SM did not include agroforestry field trials 
conducted at experimental stations since they did not show the direct outcomes realized by 
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farmers, which was our population of interest. A list of both simulation-based/modeling and field 
trial studies will be made available in conjunction with the SM dataset. 
 
Synthesis gaps 
The most important synthesis gap relates to the lack of any systematic reviews (SRs) on 
the impacts of agroforestry on social outcomes, particularly economic and human well-being 
outcomes. Most of the systematic reviews considered the impacts of agroforestry practices 
exclusively, without attention to agroforestry interventions, presenting another gap in the 
literature. This result mirrors what we found in conducting the L&MIC EGM (Miller et al., (in 
review)), where most of the included systematic reviews related to practices with no reviews of 
agroforestry interventions and with a predominant focus on ecosystem service outcomes. 
Generally, the concentration of evidence synthesis largely reflects the concentrations in primary 
evidence; however, as noted previously, these gaps in economic and social outcomes may be key 
to understanding the low rates of agroforestry adoption in HICs. Finally, the bulk of evidence 
synthesis efforts have focused on Europe or globally. This suggests a potential for more region-
specific evidence synthesis, such as across North America or the Pacific (Australia and New 
Zealand). 
 
Areas with concentration of evidence for synthesis 
My data allows us to identify areas where the body of evidence may merit more 
systematic review. I found that there was a clear concentration of evidence on linear boundary 
plantings (hedgerows, shelterbelts, windbreaks, and riparian buffers). Linear boundary plantings 
are typically along the edge of fields and do not interfere with conventional agricultural 
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practices, unlike most other forms of agroforestry practices. There is substantial evidence on 
several outcomes for these linear boundary plantings, especially for biodiversity/habitat 
provision, runoff and erosion, soil and water quality, and carbon sequestration as well as on crop 
yields as a function of distance from the boundary plantings. These areas represent possibilities 
for further evidence synthesis and review to better understand the impacts of linear boundary 
plantings. These practices may be generally highly suitable to incorporate into HIC agriculture 
for environmental benefits and at a lower cost than other agroforestry practices.  
There was also a concentration of evidence for trees with livestock – both silvopastoral 
practices and forest grazing practices. An open question in the agroforestry community is on the 
differences between different practices integrating trees and crops – planting trees into pasture 
versus thinning trees from forests for grazing. There is substantial evidence for both types of 
practices, and further evidence synthesis of this literature could contribute towards answering the 
question of the differences in productivity and ecosystem services. A better understanding of the 
differences between silvopasture and forest grazing could help extension agents make 
recommendations to farmers. 
Generally, there was a concentration of evidence on the regulation and maintenance of 
physical, chemical, biological conditions ecosystem services. Further evidence synthesis of the 
impacts of agroforestry on soil and water quality and on biodiversity/habitat provision is needed. 
Carbon sequestration of agroforestry is also of particular interest as we work to deal with the 
effects of global climate change. Although there have been significant efforts already to 
synthesis the evidence on the ecosystem services of agroforestry, there remains gaps in world 
regions where these reviews have taken place and in which types of ecosystem service outcomes 
have been reviewed. 
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There may be some value in a meta-analysis that addresses the impact of agroforestry 
practices on human well-being, generally, but I caution that much of the evidence would be 
based on correlational and survey/perception studies. Additionally, evidence synthesis is needed 
on agricultural productivity and profitability, as well as the impacts on agroforestry on income 
and household expenditure. These syntheses may need to derive data from field trials as well as 
the on-farm studies included in this SM, as much of the literature on yield and economics comes 
from field trials and there is little evidence yet from on-farm studies on these outcomes. 
Although there was a large body of evidence on these practices and outcomes, there was 
a limited body of experimental or before-after studies, and most of the studies were correlational, 
which limits our ability to assign a causal relationship between the agroforestry practices and 
outcomes. Therefore, more general evidence synthesis could be useful to help direct future 
research and better understand the broad suitability of different practices. A potentially useful 
synthesis would be one that synthesizes evidence on the most prevalent and promising practices 
(drawing also from field trials, if relevant), combined with a synthesis of interventions 
mechanisms used in agriculture more broadly. Together, this evidence could shed light on what 
practices appear most efficacious and how uptake among farmers could be encouraged. 
There is also room to synthesize evidence from more world regions. For instance, there is 
a prevalence of studies on the ecosystem service impacts of agroforestry in the USA, but little 
attention has been given towards synthesizing this body of literature, in contrast to the literature 
from the EU that has been subject to much more evidence synthesis. Some interesting linkages 
with high densities of evidence are the impacts of various agroforestry practices on biodiversity 
relative to forests and to agriculture, the impact of agroforestry practices on climate change 
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adaptation and mitigation, the impact of agroforestry practices on soil fertility, and the impact of 
agroforestry on productivity/profitability and income/household expenditure.  
 
Conclusions and Implications 
Agroforestry has been widely practiced, promoted, and studied across the high-income 
countries of North America, Europe, and the Pacific. Given its prevalence and promise, 
agroforestry is expected to make a vital contribution to advancing several of the 2030 UN SDGs 
(Van Noordwijk et al., 2018, Waldron et al., 2017) and contribute towards conservation 
initiatives. Policy documents in many HICs now explicitly incorporate agroforestry practices into 
their programs. However, for agroforestry to fulfil its potential contribution to the SDGs there is 
an urgent need for evidence on intervention effects. 
Here I have presented the findings of an SM that identifies, collects, and visually portrays 
available evidence on the impacts of agroforestry in HICs on three important outcomes: 
agricultural productivity, ecosystem services, and human well-being. This SM draws on a 
systematic search and identification of studies to assess of the volume and characteristics of 
evidence published between 2008 and mid-2018. It shows areas of high, low, or non-existent 
occurrences of evidence on agroforestry impacts, as well as varying levels of robustness relative 
to study design. The SM contains 19 systematic reviews, 21 empirical studies of agroforestry 
interventions (1 of which is a quantitative impact evaluation), and 269 empirical studies of 
agroforestry practices. A central finding of this review is that, while there are hundreds of 
observational studies on agroforestry practices, the evidence base on the impacts of agroforestry 
interventions on farmers’ land remains very thin. Below I draw out implications of this and other 
findings for research, policy, and practice.  
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This SM, like the L&MIC EGM, differs from other such maps in that it describes 
evidence not only on interventions to promote agroforestry but also on specific agroforestry 
practices, whether they have been promoted through specific programs or not. These different 
literatures largely correspond to the type of research typically conducted in ecology/agronomy 
and international development, respectively. In examining both practices and interventions, this 
report provides a comprehensive portrait of the current evidence on the impacts of agroforestry.  
 
Implications for research 
The results of this study show that there is a significant need for further research on the 
socio-economic and ecological impacts of agroforestry. This need relates to synthesis of the 
existing evidence base on the impacts of both agroforestry interventions and practices as well as 
new primary research on agroforestry interventions. There is also a need to synthesize the 
evidence from agroforestry field trials.  
This study reveals that rigorous evidence on the effects of agroforestry interventions 
remains extremely limited. This finding is especially notable given the large volume of literature 
on specific agroforestry practices and widespread promotion of and investment in agroforestry. It 
is also somewhat surprising given that intervention studies are now widespread in the sister fields 
of agriculture and forestry. For example, a recent EGM on agricultural innovation (Lopez Avila 
et al. 2017) included more than 300 completed impact evaluations while the EGM by Puri et al. 
(2016) on forest conservation interventions identified 110 impact evaluations. In line with our 
findings, however, the latter study found only two impact evaluations on agroforestry, both of 
which are in our EGM. 
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The complexity that comes with integration of agricultural, forest, and pastoral, and other 
systems, as done in agroforestry, poses significant challenges to evaluating the effectiveness of 
specific agroforestry interventions. However, given the potential of agroforestry to contribute to 
a number of major sustainable development goals simultaneously, there is an urgent need for 
such impact evaluation. Nevertheless, there are examples demonstrating such evaluation is 
possible. Expanding the number of impact evaluations of agroforestry interventions, especially 
using RCTs, therefore represents a major opportunity for expanding and improving the existing 
evidence base.  
Despite the overall paucity of evidence on agroforestry intervention effectiveness, a 
potentially useful synthesis would be one that synthesizes evidence on the most prevalent and 
promising practices (drawing also from field trials, if relevant), combined with a synthesis of 
interventions used in agriculture more broadly. A systematic review of the currently available 
intervention evaluation studies would also be worthwhile. Carrying out such syntheses would 
provide insights to inform future policy and programming relating to agroforestry interventions 
and present an important baseline for future research. This kind of work is also needed to help 
address what seems to be a persistent dichotomy in agroforestry research between studies in 
ecology and agronomy, which tend to focus on the agricultural productivity and environmental 
outcomes of agroforestry practices, and social and economic studies that emphasize human well-
being outcomes of agroforestry interventions.  
 
Implications for policy and practice 
This SM, along with the sister L&MIC EGM study, has compiled and presented available 
evidence on the impacts of agroforestry practices and interventions globally. Given that the 
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major finding is that there is yawning gap in evidence on the effectiveness of the impacts of 
interventions to promote agroforestry, it may seem there are not many implications for policy 
and practice. In a sense, this is true – we lack systematic understanding of the relative 
effectiveness of different interventions to inform new policies and programs. However, the 
overall findings of this report do suggest some important paths forward.  
From a donor perspective, the SM highlights major areas where there is a need to support 
more primary research, particularly on specific kinds of agroforestry interventions, as well as 
where evidence synthesis might be conducted. Relatedly, there is a major opportunity for donors, 
governments, and other partners to work together to support and implement RCTs of different 
agroforestry interventions to enhance our understanding of what works and what does not seem 
to work in this area.  
Agroforestry has often been overlooked in research and policy on agriculture and rural 
development (Miller et al. 2017a). The focus of agriculture is usually on annual crops and trees 
are usually considered the domain of forestry. However, forestry largely concerns itself with 
trees in forests rather than outside them. As a result, trees on farms and agroforestry more 
specifically are often left out of mainstream land use policy discussions. This SM suggests that 
there is a crucial need to improve the evidence base on this topic, particularly with respect to 
specific potential interventions that policy and practice might promote. Without more reliable 
evidence on intervention pathways and impacts, agroforestry risks further marginalization, 
thereby undermining progress on broader development and sustainability goals. 
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CHAPTER 3: BIBLIOMETRIC AND NETWORK ANALYSIS 
Given the broad scope of the systematic map of the evidence of the impacts of 
agroforestry on agricultural productivity, ecosystem services, and human well-being, it becomes 
clear that agroforestry research branches across many disciplines, linking natural and social 
scientists, engineers, and many others around a common topic. Although agroforestry is touted 
for its numerous benefits, rarely does a single researcher or research group capture the impacts of 
agroforestry from multiple approaches. Expanding to conduct a comprehensive analysis of how 
the pieces of the puzzle fit together offers a broader view of the co-occurrences and gaps 
between areas of agroforestry study. Bibliometric and keyword studies can help us better identify 
trends in scientific research and measure the extent of collaboration between researchers and 
between research endeavors within a highly interdisciplinary field. In this chapter, I present the 
results of a bibliometric study of the agroforestry knowledge domain using the results of the 
high-income countries systematic map and the low- and middle-income countries evidence gap 
map (Miller et al., (in review)).  
Bibliometric analysis allows us to demonstrate the evolution, trends, and key scholars of 
a highly interdisciplinary field. Bibliometric networks can provide insight into the nature of 
collaboration of researchers, institutions, and countries as well as assess the how connected 
subjects and disciplines are through keyword analysis. Network analysis allows us to compare 
and evaluate the structure of networks and assess the connectivity and overlap across knowledge 
domains.  
Bibliometric analyses are conducted across many disciplines. There have been numerous 
bibliometric studies conducted in similar or adjacent fields to agroforestry, such as climate 
change in agriculture and forestry (Aleixandre-Benavent et al., 2017), reforestation and 
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livelihoods in the tropics (Ota et al., 2018), organic farming (Aleixandre et al., 2015), global 
biodiversity (Liu et al., 2011), and global climate change (Li et al., 2011). One study on the 
human-dimensions of global environmental change investigated resiliency, vulnerability, and 
adaptation as distinct knowledge domains, showing how they interact by using bibliometric 
analysis techniques (Janssen et al., 2006).  
Most bibliometric studies are limited in that they do not tend to extract additional 
information from the full texts. Typically, bibliometric studies conduct a broad search using 
targeted keywords (as we do in the first stage of systematically mapping the evidence), and then 
perform a simplified screening process of title and abstract, with no full-text screening or 
extraction. Therefore, performing a similar bibliometric study with the full set of data extracted 
by our systematic mapping process allows for more detailed analysis of the relevant literature. 
Using this approach, we remove the noise of irrelevant studies and incorporate the content from 
the full-text assessment into our analysis.  
Network analysis techniques can also be used as a measure of collaboration in a research 
field. Collaboration is important because it indicates the level of coordination of efforts and 
resources, communication, and idea sharing among researchers in the field. Generally, co-
authorship in bibliometric networks are strong indicators for collaboration. Though there are 
some issues with uncertainty due to other factors impacting co-authorship, such as research leads 
demanding to be placed as authors without contributing to the work or collaborators not being 
included, research has found only a small number of co-authorships (less than 5%) were not 
associated with collaboration (Melin, 1996). Co-authorship studies can illustrate the nature of 
collaboration within institutions and across institutions as well as across disciplines and 
geographies. Network analysis is used to compare and evaluate the structure of collaboration 
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networks and assess the connectivity and overlap across knowledge domains. Furthermore, 
network analysis can inform the improvement of collaboration across efforts to address current 
and future research needs, if communities agree to address the goals that arise from network 
analysis (Provan et al., 2005). The extent of the agroforestry community is continually 
expanding, with researchers addressing research needs across the globe, but there is a lack of 
knowledge about the structure and nature of the network and how it has changed over time. 
Network analysis offers a more complete view of the “forest”, rather than of many individual 
“trees” (Provan et al., 2005). 
In this chapter, I use bibliometric and network analysis techniques to explore the nature 
of the field of agroforestry based on our systematic map of evidence on the impacts of 
agroforestry on agricultural productivity, ecosystem services, and human well-being in HICs and 
L&MICs. I examine the agroforestry literature through the lens of common knowledge domains 
for agroforestry impacts, as presented in Table 7 and Table 8. Separate tables are shown for HICs 
and L&MICs to highlight that there are distinct parallels for each domain in the HICs and 
L&MICs contexts; however, the conceptualization and framing are different for each. 
Agroforestry studies in L&MICs tend to focus of the Sustainable Development Goals, as 
presented in (Garrity, 2004, Miller et al., (in review)). Agroforestry in HICs, on the other hand, is 
directed more towards environmental benefits and productivity, as described in (Jose, 2009, 
Wilson and Lovell, 2016) and as shown in Chapter 2 of this thesis.  
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Table 7: Knowledge Domains of Agroforestry (AF) Impacts for L&MICS (Garrity, 2004) 
Knowledge Domains of L&MIC 
Agroforestry Pathway to Domain Outcomes 
Production/Food Security Soil fertility and land regeneration 
Poverty Generate income and build assets 
Health and Nutrition Diverse production systems 
Biodiversity  Integrated conservation-development 
Watershed Services Soil and water conservation 
Climate Change Carbon sequestration and carbon market 
Human Capacity Education and advancement of women 
 
 
Table 8: Knowledge Domains of Agroforestry (AF) Impacts in HICS (Jose, 2009, Wilson and 
Lovell, 2016) 
Knowledge Domains of L&MIC 
Agroforestry Pathway to Domain Outcomes 
Production Soil fertility, nutrient cycling, Land Equivalent Ratio 
Profitability Generate income and build assets 
Climate Change 
Carbon sequestration, bioenergy replacing fossil 
fuels, erosion control, long-term resiliency 
Biodiversity Conservation Diverse wildlife population, habitat, pest control, 
pollinators 
Pollution and Health Air and water quality 
Cultural Aesthetics and recreation 
 
 
Agroforestry practices include agrisilviculture (integrating tree and crop production), 
silvopasture (integrating tree and livestock production), agrosilvopasture (integrating tree, crop, 
and livestock production), and other (integrating trees with insect/fish production). Governments, 
NGOs, and other agencies often initiate programs and policies to promote the adoption of these 
practices. We define these techniques to promote agroforestry adoption as agroforestry 
interventions. Agroforestry interventions include farmer capacity development, enhancing access 
to tree germplasm, community-level campaigning and advocacy, incentive provision, market 
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linkage facilitation, and policy or institutional change. Refer to Chapter 1 for additional detail on 
our definitions of agroforestry practices and interventions.  
The numerous impacts of agroforestry span a broad range of categories, including: 
agricultural productivity, poverty reduction and economic benefits, human health and well-being, 
biodiversity, climate change resilience and mitigation, pollution control, production of biofuels, 
production of livestock food and fodder, pest and disease control, soil stabilization (reduced 
erosion and runoff), soil nutrient and water cycling, regeneration of degraded farmland, and 
reduced deforestation. It is assumed that these benefits co-occur, yet researchers tend to explore 
and document them individually or in clusters since it is difficult for any one study to capture all 
aspects of the complex, dynamic system. This suggestion that agroforestry research tends to fall 
into distinct knowledge domains is further demonstrated by looking at the USDA agroforestry 
report, where the authors classified each research project (69 total, between 2011-2013) that they 
funded into one of five categories, which they define as follows (USDA, 2013): 
•  Natural Resources, Ecosystem Services, and Environmental Markets (22), with specific 
focus on water (6), pollinators (1), soil (3), air (1), carbon (7), and multiple environmental 
services (4). 
•  Agroforestry Systems (31), with specific focus on silvopasture (8), alley cropping (3), forest 
farming (8), windbreaks (1), and edible tree crops (9). 
•  Climate Change Resiliency (2).  
•  Bioenergy (7).  
•  Economics and Profitability (7). 
I explore the connectivity of agroforestry knowledge domains, defined in Table 7 and 
Table 8, through a network analysis of the studies captured in the HIC SM and L&MIC EGM 
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along multiple dimensions. Co-authorship, citations between studies, and keyword analysis 
presents the opportunity to assess the substance and trends of agroforestry research. Connecting 
and visualizing key aspects of agroforestry impacts using network analysis opens space to better 
integrate research and build knowledge on the diverse linkages between agroforestry practices 
and impacts. Results can inform efforts to improve coordination among actors and sectors in the 
governance of agriculture-forest landscapes more broadly. 
In studying the literature, distinct differences in the focus and trends of the literature for 
L&MICs and HICs are noticeable. This may be attributed in part to the approximate divide 
between temperate and tropical/sub-tropical ecoregion type, noting that L&MICs tend to be in 
tropical and sub-tropical regions, while HICs are mostly within the temperate zone. However, 
there also appear to be noticeable differences in attitudes, with high-income countries having a 
high presence within L&MIC research through international development projects. For example, 
many studies conducted in L&MICs come from institutions in HICs, with programs designed 
and funded by HICs for people in the L&MICs. On the other hand, researchers primarily conduct 
HIC research within the same country as their institutional affiliation. However, this is only an 
observational, qualitative assessment of this aspect of the nature of agroforestry research. There 
is the need for more quantitative evidence to test these types of claims. Bibliometric and 
keyword analyses between HIC and L&MIC agroforestry literature can help provide and more 
solid assessment of the trends and attitudes portrayed in the literature. 
The expected result of this analysis is to see clusters of intra-cited publications and co-
authorships for each primary research objective: production/food security, profitability/poverty, 
climate change, biodiversity, pollution/watershed services, health/nutrition, and cultural/human 
capacity. Mapping out the resulting network of literature highlights the connections between 
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these clusters and offers the potential to inform our understanding of the interdependent breadth 
of outcomes of agroforestry and help give stronger justification for implementing agroforestry 
policies and programs. Demonstrating the inter-relationships of these various outcome domains 
with visual and quantitative results can be a tool for policymakers to illustrate and advocate for a 
more intense integration of agroforestry into policy.  
 
Objectives 
Conducting a network analysis of agroforestry research and evidence on impacts answers the 
following research questions: 
1) What are the trends in agroforestry impact research between 2008 and 2018 for HICs and 
2000 and 2017 for L&MICs? 
2) What is the nature of collaboration among authors and between countries conducting 
agroforestry impact research? 
3) How do the many agroforestry impact categories (e.g. production/food security, 
profitability/poverty, climate change, biodiversity, pollution/watershed services, 
health/nutrition, and cultural/human capacity) connect in research? 
 
Methods 
The complete body of studies included in the high-income countries systematic map (HIC 
SM), which consists of literature published between 2008 and 2018, and low- and middle-
income countries evidence gap map (L&MIC EGM), which consists of literature published 
between 2000 and 2017, forms the basis for the bibliometric study. Since the time periods for the 
HIC SM and L&MIC EGM were different, the results are not fully comparable, which is a 
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potential limitation of this current study; however, the trends for each are interesting to explore 
on their own. This analysis represents only the studies on agroforestry impact research, unlike 
more broad bibliometric analyses of entire fields. A preliminary check of the broad agroforestry 
field revealed similar trends as my analysis of only SM and EGM results. The advantage of only 
looking at the impact research is that we can analyze this specific body of research in isolation 
and make more direct conclusions for pathways forward for this specific aspect of agroforestry 
research.  
VOSviewer and R were the primary software used to generate network graph 
visualizations and perform analyses. VOSviewer is a free software that is intended for displaying 
large bibliometric network graphs in an easy-to-interpret and visually appealing way (van Eck 
and Waltman 2010). VOSviewer generates distance-based maps, where nodes close to each other 
are more strongly related, and the size of the node indicates its weight based on the analyzed 
metric. VOS stands for “visualization of similarities,” which refers to its method of graphing 
strongly related nodes closer together and weakly related nodes farther apart (van Eck and 
Waltman 2010). I also used the bibliometrix package, a powerful tool in the R programming 
language for performing bibliometric network analysis and visualization (Aria and Cuccurullo 
2017). I used the R package bibliometrix to generate descriptive statistics and bibliometric 
analysis. I imported the full bibliographic records obtained from Scopus and Web of Science and 
merged them into a data frame for analysis, removing duplicates.  
I used VOSviewer to graph and analyze co-occurrence of keywords. I do this first for the 
author-defined keywords associated with the studies, then for all the words used in the titles and 
abstracts. I also graph only the subset of studies which considered agroforestry interventions. 
Graphs showing keyword usage and co-occurrence within each knowledge domain were also 
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created and compared across the knowledge domain using similarity analysis techniques. I 
graphed the citation network of publication sources, which shows the connectivity or 
fragmentation of a body of literature. A citation network is a graph with edges between nodes 
when one node cites the other node. For a publication source citation network, the nodes are 
different publication sources and an edge indicate when a citation exists between the two sources 
the edge is connecting. I conducted the co-authorship study following the methodological 
guidelines set forth in (Melin 1996). I performed multiple analyses, aggregating at different 
levels, including by country and by individual researchers and scientists. I created graph 
visualizations in VOSviewer of co-authorship by author and by country. Co-authorship graphs 
represent a measure of collaboration, where it is assumed that co-authors on a study have some 
collaborative relationship. Highly related nodes within a co-authorship network have 
collaborated to produce more papers together. Co-authorship network analysis by individual 
author identifies key figures within agroforestry who act to connect researchers. Similarly, for 
co-authorship networks by institution and by country, these graphs offer insight into key players 
in agroforestry research and show the nature of collaboration. 
 
Results 
Descriptive Statistics of Bibliometric Analysis for L&MIC Studies 
Of the 395 studies we included in our L&MIC EGM, I was able to find full bibliographic 
data for 339 studies. Many databases and grey literature sources do not construct a full 
bibliographic record with incoming and outgoing citations. I chose to not include studies without 
bibliographic data due to time constraints and for consistency across all my analyses as the 
citation record is needed for several of my analyses. I conduct my bibliometric and network 
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analysis for L&MICs on these 339 studies. Similarly, of the 288 studied I included in my HIC 
SM, I was able to find full bibliographic data for 246 studies. A summary of the descriptive 
statistics of the bibliometric data for L&MICs and for HICs is shown in Table 9. One noticeable 
finding is the lack of single-authored documents. Agroforestry research is generally more 
extensive and more complex than adjacent fields, such as agriculture or forestry, so it typically 
requires larger teams of researchers to rigorously capture the impacts of agroforestry.  
Author affiliation statistics for L&MICs are presented in Table 10. The countries where 
the most authors conducting agroforestry impact research in L&MICs reside are the USA, Brazil, 
and Germany. China, India, and Mexico also have many authors of agroforestry impact research. 
Four of the top six country affiliations – Brazil, China, India, and Mexico – are also countries 
where many of our EGM studies were conducted (locations of study sites), so it follows that 
there would be more researchers affiliated with these countries, and it indicates that much 
research within conducted with a country is done by or done in partnership with researchers 
living locally to the region – an important note for international development work. Unlike in 
L&MICs, most of the work done in HICs is conducted by authors residing within the country of 
study. The distribution of affiliations of study authors largely follow the same trend as the 
countries of study, with the most coming from the USA, Canada, Italy, UK, and Spain. 
Starting off with the bibliometric analysis, we see that the field in L&MICs is growing 
over time, seen by the steep growth in publication of agroforestry research in L&MICs. Figure 
17 shows the annual and cumulative publications by journal for L&MICs to show the publication 
trends over time since the year 2000. We see a dip in the year 2017 because the conducted our 
search in the middle of 2017, so the figures only contain publications from a portion of the year.  
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Table 9: Descriptive summary of bibliometric data for (Left): HICs and (Right): L&MICs 
 
Table 10: Country affiliation of study authors statistics in (Left): L&MICs and (Right): HICs 
Rank       Country    Articles    % of 
Total 
1 USA 66 27 
2 Canada 27 11 
3 Italy 21 9 
4 United Kingdom 21 9 
5 Spain 19 8 
6 Australia 17 7 
7 France 11 4 
8 Portugal 11 4 
9 Germany 9 4 
10 Sweden 7 3 
11 New Zealand 5 2 
12 Chile 4 2 
13 Belgium 3 1 
14 Denmark 3 1 
15 Ireland 3 1 
 
 
Documents  246 
Sources (Journals, Books, etc.)        112 
Keywords Plus (ID)  1139 
Author's Keywords (DE)  1040 
Period                                 2008 – 
2019 
Average citations per documents        17.53 
Authors                                867 
Author Appearances                     1076 
Authors of single-authored 
documents   
1 
Authors of multi-authored 
documents    
866 
Single-authored documents 4 
Documents  339 
Sources (Journals, Books, etc.)        151 
Keywords Plus (ID)  2106 
Author's Keywords (DE) 1149 
Period                                 2000 - 
2018  
Average citations per documents        17.35 
Authors                                1225 
Author Appearances                     1509 
Authors of single-authored 
documents   
9 
Authors of multi-authored 
documents    
1216 
Single-authored documents 11 
Rank       Country  Articles    % of 
Total 
1 USA 40 12 
2 Brazil 32 9 
3 Germany 32 9 
4 China 20 6 
5 India 18 5 
6 Mexico 10 3 
7 United Kingdom 9 3 
8 Australia 8 2 
9 Colombia 7 2 
10 Ethiopia 7 2 
11 Indonesia 7 2 
12 Japan 7 2 
13 Sweden 7 2 
14 Thailand 6 2 
15 Belgium 5 2 
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Figure 17a: Top Sources in L&MICs as Annual Publications by Source 
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Figure 17b: Top Sources in L&MICs as Cumulative Publications by Source 
 
 
As discussed in Chapter 2, I did not find any trend in the rate of publication over time for 
HICs, which we see again in Figure 18, noting only a noticeable shift in HIC publications 
sources from Agroforestry Systems to Agriculture, Ecosystems and Environment around 2012-
2013. 
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Figure 18a: Top Sources in HICs as Annual Publications by Source 
 
 
Figure 18b: Top Sources in HICs as Cumulative Publications by Source  
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We also see that there are only a handful of primary sources for publishing agroforestry 
literature. Publication statistics are presented in Table 11, showing the top 20 publication sources 
and the number of articles published in each source. By far, the journal that has published the 
most of this type of research is Agroforestry Systems, the primary field-specific journal for 
agroforestry research. This journal is closely followed by Agriculture, Ecosystems and 
Environment and then Biodiversity and Conservation and Forest Ecology and Management, all 
environmental conservation and management-oriented scientific journals. The remaining studies 
are dispersed across over 150 different sources. It is also notable the lack of publications on 
agroforestry impacts in wide-reaching, high-impact journals. The publications sources are mostly 
highly specialized, with few studies published in high-impact journals. This is the first clear gap 
we find using these analysis techniques – agroforestry is promoted as a win-win solution to 
address global sustainable development goals, but the audience for agroforestry work is limited 
to the niche audience already interested. For agroforestry to advance to the forefront of options to 
meet the SDGs, research on agroforestry needs to be published in top journals read by many 
disciplines of scientists and decision-makers (policymakers, NGOs, citizens, etc.) to reach a 
wider audience.  
 
 
 
 
 
88 
Table 11: (a) Publication source of agroforestry impact research statistics in L&MICs (left) and 
(b) Publication source of agroforestry impact research statistics in HICs (right) 
 
Rank Source No. of 
articles 
% of 
Total 
1 Agriculture, 
Ecosystems and 
Environment 
38 15 
2 Agroforestry 
Systems 
25 10 
3 Forest Ecology and 
Management 
16 7 
4 Biological 
Conservation 
9 4 
5 Journal of Applied 
Ecology 
7 3 
6 Journal of 
Environmental 
Quality 
5 2 
7 Catena 4 2 
8 Environmental 
Evidence 
4 2 
9 JAWRA 4 2 
10 Biodiversity and 
Conservation 
3 1 
11 Environmental 
Entomology 
3 1 
12 Journal of 
Environmental 
Management 
3 1 
13 Restoration 
Ecology 
3 1 
14 Science of the Total 
Environment 
3 1 
15 Agriculture and 
Forest Meteorology 
2 1 
Rank Source No. of 
articles 
% of 
Total 
1 Agroforestry 
Systems 
43 13 
2 Agriculture, 
Ecosystems and 
Environment 
21 6 
3 Biodiversity and 
Conservation 
13 4 
4 Biotropica 8 2 
5 Plos One 8 2 
6 Biological 
Conservation 
7 2 
7 Conservation 
Biology 
7 2 
8 Journal of 
Forestry Research 
7 2 
9 Revista Brasileira 
de Ciencia do 
Solo  
6 2 
10 Revista de 
Biologia Tropical 
6 2 
11 Agricultural 
Systems 
5 1 
12 Agronomy for 
Sustainable 
Development 
5 1 
13 Forests, Trees and 
Livelihoods 
5 1 
14 Biology and 
Fertility of Soils 
4 1 
15 Ecological 
Economics 
4 1 
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The first network graph is presented in Figure 19. Network graphs like this, created in 
VOSViewer, consist of node and edges, with nodes shown as circles representing the items in 
study, and edges shown as lines representing links between them. In this first example, I created 
a citation graph, where the nodes represent publication sources, and edges represent citations 
between sources. So, if a source cites another source, there is an edge between those two sources. 
Larger nodes represent items of higher importance (based on the number of links to that node to 
other nodes and the strength of the links to other nodes), proximity between nodes represents 
similarity between those items, and edge weight represents the strength of the connection.  
To generate Figure 19, I graphed the citation network for the different sources included in 
the L&MIC EGM. In this graph, we see a clear separation between the cluster containing one 
half of the sources, which cite each other, and the other half of sources that are not cited and do 
not cite each other or the main cluster of sources. We find that half of the literature on 
agroforestry impacts is disconnected from the main body of literature. This is likely even more 
drastic when we consider other, often specialized journals published in languages other than 
English, which were not captured by our systematic search. These results are similar for the HIC 
studies, shown in Figure 20, which again found only 50% of the literature connected via 
citations. This clearly highlights the fragmented nature of agroforestry research, and indicates a 
major benefit of our systematic map, which is the first to bring together the literature across these 
many different sources. 
90 
Figure 19: Network graph of publication source citation network for L&MIC studies 
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Figure 20: Network graph of publication source citation network for HIC studies 
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Collaboration is measured using the proxy of co-authorship. First, I generated the co-
authorship network between countries (based on country of primary institution of each author) 
for the L&MIC studies, shown in Figure 21. Distance between nodes corresponds to higher 
number of co-authored papers, larger nodes correspond to countries with higher weights (more 
co-authored publications), and edges represent collaborative ties with edge weights 
corresponding to number of co-authored publications. The colors represent clusters generated 
using the existing algorithm in VOSviewer, where clusters are groupings formed based on 
similarity. 
Looking at the graph of co-authorship of studies between countries, we see global 
collaboration efforts to study agroforestry, with a well-connected graph. This indicates that 
countries work together to co-author studies, and it highlights the major players in agroforestry 
research – USA, Brazil, Germany, China, and India. We see strong country collaboration across 
low-and middle-income countries and high-income countries, with clusters by world region. The 
USA, for example, partners with Latin American countries frequently. Germany is strongly 
associated with work in Indonesia, and the UK and France partner with countries in Sub-Saharan 
Africa.  
Overall, we find high levels of collaboration between high-income countries and low- 
and middle-income countries. We see that the United States is the hub of research co-authorship 
in the Americas as well as India, and to some extent, China (though much of the research on 
China is conducted solely by researchers in China). This indicates that United States tends to 
partner with researchers in these regions. The proximity of the United States to the rest of the 
countries in the Americas makes collaboration makes research collaboration more feasible. 
Overall, the United States is highly connected internationally, which indicates a high level of 
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international work, and the United States also has the highest productivity. These results are 
likely biased due to the limitation of our EGM only containing English language studies only. 
We also see high collaboration between Germany, the United Kingdom, and Australia in Pacific 
countries (particularly Indonesia, where there has been a large amount of research on 
agroforestry), indicating that Germany, the UK, and Australia are more highly invested in 
research in this region.  Finally, Kenya and France appear as the hubs for research in Africa. 
Kenya is home to the World Agroforestry Centre, which conducts a large amount of research on 
agroforestry. The official language in much of Western and Central Africa is French, and France 
is highly invested in agroforestry, making this partnership likely.  
The results for HICs are quite different, shown in Figure 22. There are far fewer countries 
represented within the HIC literature, with few researchers at institutions in L&MICs 
participating in research conducted on HICs, except for review-type studies. Removing the 
review-type studies results in an even sparser network without any L&MICs in the network 
graph and with much less similarity between countries. This analysis does not reflect country of 
origin, so we expect that there are people from L&MICs working in HICs even if there are not 
international collaborations between HIC and L&MIC institutions for research conducted in 
HICs. 
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Figure 21: Country collaboration network for L&MIC studies (Node size corresponds to number 
of articles published by author from that country, edge weight corresponds to number of co-
authorships between authors from those countries, distance represents similarity between two 
countries, and colors represent clusters of countries by similarity) 
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Figure 22: Country collaboration network for HIC studies (Node size corresponds to number of 
articles published by author from that country, edge weight corresponds to number of co-
authorships between authors from those countries, distance represents similarity between two 
countries, and colors represent clusters of countries by similarity) 
 
 
I then analyzed individual author collaboration based on co-authorships, and I created the 
network graph of author co-authorship shown in Figure 23 for L&MICs and Figure 24 for HICs. 
Again, I find a highly dispersed network. There is a dominance of disconnected groups of 
researchers studying the impacts of agroforestry in L&MICs. The co-authorship network we 
show consists of 1,116 authors, and the largest component includes only 10.7% of authors. A 
component is a set of network nodes (here, individual authors) where all the nodes within the 
component are connected such that each node within the component can be reached via a path 
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from any other node within the component. Edges represent co-authorship between individuals, 
and here only 10.7% of authors within our evidence base are connected to each other. The results 
are even more drastic for HICs, with the largest component only containing 6.2% of all the 
authors (54 or 867 authors). These results are surprisingly low, with other fields finding 80-90% 
of authors connected in the largest component (Newman, 2004). In comparison, the largest node 
in biology research was found to be 92%, in physics 85%, and in mathematics 82% (Newman, 
2004). Unlike the more “hard-sciences”, the “softer-sciences” such as economics & statistics and 
arts & humanities have been found to have similarly low metrics of co-authorship. De Stefano et 
al. (2011) found the largest component for physics to be 89.3% (similar to Newman (2004)), for 
engineering 70.9%, for arts & humanities 13.8%, and for economics & statistics 12.7%.  
However, co-authorship is high for each of the many small clusters. The average number 
of co-authors per paper is 4.45 for the L&MIC dataset and 4.37 for the HIC dataset, indicating 
that large groups of researchers collaborate on individual projects – an expected result 
considering the complexity of diverse agroforestry systems and their outcomes. Contrary to what 
we observed in the largest component analysis, this metric more closely resembles those of the 
“hard-sciences.” De Stefano et al. (2011) found the average number of co-authors per paper for 
physics to be 7.08, for engineering 3.72, for arts & humanities 1.20, and for economics & 
statistics 2.02. Newman (2004) found lower statistics for the “hard-sciences”, with only 2.53 
authors per paper for physics, 3.75 for biology, and 1.45 for mathematics. Even with large 
groups working together on research projects for agroforestry, the collaboration between groups 
in agroforestry research is found to be relatively low.  
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Figure 23: Author collaboration network for L&MICs (Node size corresponds to number of 
articles published by author, edge weight corresponds to number of co-authorships between the 
authors, colors represent clusters of authors for the largest clusters of connected authors with 
the smallest clusters all shown in grey) 
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Figure 24: Author collaboration network for HICs (Node size corresponds to number of articles 
published by author; edge weight corresponds to number of co-authorships between the authors, 
colors represent clusters of authors for the largest clusters of connected authors with the 
smallest clusters all shown in grey) 
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Finally, I looked at co-occurrence of keywords and terms used in titles and abstracts to 
understand how connected the different dimensions of agroforestry research are. I generated a 
keyword co-occurrence network with clustering using all 339 L&MIC studies in our dataset, the 
results of which are shown below in Figure 25. Distance between nodes corresponds to higher 
frequency of co-occurrence between keywords (indicating more subject similarity), larger nodes 
correspond to keywords with higher weight (more frequently co-occurring keywords), and edges 
represent co-occurrence between keywords with edge weights corresponding to number of co-
occurrences. The colors represent clusters generated using the existing algorithm in VOSviewer, 
where clusters are groupings formed based on similarity (likely forming a map of the subfields).  
In Figure 25, looking only at keywords used by authors, we see that there is a highly 
connected network of information. We see that all the top keywords are highly associated with 
each other, with co-occurrence across all domains, indicating that there is some evidence that the 
multiple outcomes associated with agroforestry co-occur and are co-studied. The co-benefits of 
agroforestry are certainly studied across disciplines. And as expected, we do see clustering on 
certain knowledge domains. We see that terms related to soil-carbon-forestry-land use (shown in 
the green cluster) are highly related to each other, terms related to diversity-ecosystem services-
conservation (shown in the red cluster) are highly related to each other, and terms related to crop 
production-animals-agriculture (shown in the blue cluster) are highly related to each other. 
 
 
 
 
 
100 
Figure 25: Network graph of keyword co-occurrence for L&MIC studies (Distance between 
nodes corresponds to higher similarity between keywords, larger nodes correspond to keywords 
with higher weight (more frequently used keywords), edges represent co-occurrence between 
keywords with edge weights corresponding to number of co-occurrences, and colors represent 
clusters based on similarity grouping.)  
  
 
 
 
Farmer Soil Biodiversity
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Similarly, for HICs looking only at keywords used by authors, presented in Figure 26, we 
see again that there is a highly connected network of information. However, for the HIC dataset, 
there is less similarity between clusters, with a stronger divide between soil and carbon dynamics 
and biodiversity conservation outcomes. We still see that all the top keywords are highly 
associated with each other, with co-occurrence across all domains, indicating that there is some 
evidence that the multiple outcomes associated with agroforestry co-occur and are co-studied. 
The co-benefits of agroforestry are certainly studied across disciplines. Again, we see clustering 
on certain knowledge domains. We see that terms related to soil-carbon-agriculture (shown in the 
red cluster) are highly related to each other, terms related to diversity-conservation (shown in the 
green cluster) are highly related to each other, terms related to pollination-ecosystem services 
(shown in the yellow cluster) are highly related to each other, and terms related to forests-
riparian buffers (shown in the blue cluster) are highly related to each other. 
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Figure 26: Network graph of keyword co-occurrence for HIC studies (Distance between nodes 
corresponds to higher similarity between keywords, larger nodes correspond to keywords with 
higher weight (more frequently used keywords), edges represent co-occurrence between 
keywords with edge weights corresponding to number of co-occurrences, and colors represent 
clusters based on similarity grouping.) 
 
 
 
When I performed a similar analysis using co-occurrence of the words contained in the 
titles and abstracts of the include documents for L&MICs, I found stronger clustering and less 
association between clusters, as seen in the network graph in Figure 27. The clusters broadly 
represent terms for farmers (blue cluster), such as costs/benefits, income, adoption, and effort, 
for soil (green cluster), such as soil fertility, carbon, nitrogen, and soil organic matter, and for 
biodiversity and conservation, such as conservation, species richness, diversity, and abundance. 
Farmer Soil Biodiversity
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Although there is more difference between the clusters in this analysis, we still see high 
connectivity between clusters, again indicating the interrelatedness between these knowledge 
domains. The farmer and the soil terms have high similarity based on co-occurrence, with the 
biodiversity terms having less similarity, indicating that these domains are less often co-studied. 
We expect this is due to the interests of different disciplines, dividing social/agricultural 
scientists and natural scientists/ecologists. This division is especially important to bridge for 
future research to effectively analyze the co-benefits of agroforestry simultaneously on human 
(social and agricultural) and environmental outcomes. I also found a much higher occurrence 
overall of the biodiversity terms (based on the size of the nodes). Referring to the EGM results, 
there too we showed the focus of agroforestry impact research has been environmental outcomes 
and ecosystem services. If agroforestry is going to be advanced on the policy agenda for 
international development, future research should focus on interdisciplinary study of agroforestry 
to assess the “win-win” areas of agroforestry as well as the potential tradeoffs associated with 
agroforestry practices.  
For HICs, when the terms from all the titles and abstracts were analyzed and the most 
common terms graphed based on co-occurrence, shown in Figure 28, we again see a highly 
connected network. The clusters become more distinguished, clearly picking up studies related to 
riparian buffers (blue cluster), soils (green cluster), and biodiversity (red cluster). The yellow 
cluster is somewhat ambiguous, pointing more towards the experimental studies in general. 
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Figure 27: Keyword co-occurrence network with terms extracted from all titles and abstracts for L&MIC studies (Distance between 
nodes corresponds to higher similarity between keywords, larger nodes correspond to keywords with higher weight (more frequently 
used keywords), edges represent co-occurrence between keywords with edge weights corresponding to number of co-occurrences, and 
colors represent clusters based on similarity grouping.) 
 
Farmer Soil Biodiversity
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Figure 28: Keyword co-occurrence network with terms extracted from all titles and abstracts for HIC studies (Distance between 
nodes corresponds to higher similarity between keywords, larger nodes correspond to keywords with higher weight (more frequently 
used keywords), edges represent co-occurrence between keywords with edge weights corresponding to number of co-occurrences, and 
colors represent clusters based on similarity grouping.) 
 
Riparian Soil Biodiversity Experimental
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For L&MICs, I then isolated the subset of agroforestry intervention studies (studies 
evaluating the impacts of specific agroforestry interventions, n=40) to generate a new keyword 
co-occurrence network with clustering, shown in Figure 29. As we found overall from our 
analysis of our EGM results, there is much more evidence for the human dimensions of 
agroforestry impacts (agricultural productivity and human well-being outcomes) for the 
agroforestry intervention evidence base. The clusters broadly correspond to production & soil 
fertility (yellow cluster), ecosystem services & sustainability (red cluster), forests & conservation 
(blue cluster), and economics (green cluster). Finally, looking at keyword co-occurrence between 
terms from the impact evaluation studies, we see clusters related to production and soil fertility, 
sustainable development, economics, and forests and conservation. This represents a much more 
human-oriented focus for agroforestry impacts, but again we see these primary knowledge 
domains are highly connected. A similar analysis for high-income countries resulted in a graph 
like Figure 26, so I do not present them separately. 
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Figure 29: Keyword co-occurrence network for studies evaluating the impact of agroforestry 
interventions (Distance between nodes corresponds to higher similarity between keywords, 
larger nodes correspond to keywords with higher weight (more frequently used keywords), edges 
represent co-occurrence between keywords with edge weights corresponding to number of co-
occurrences, and colors represent clusters based on similarity grouping.) 
 
 
 
Production Sustainable development Forests & Conservation Economics
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Conclusions 
My research suggests several directions and needs for future agroforestry impact 
research. The foremost finding is the need to synthesize the fragmented evidence on agroforestry 
impacts. The citation network of different publication sources showing the fragmented nature of 
the literature, along with finding many different sources where agroforestry research is 
published, highlights just how dispersed the literature is. There is also a notable lack of 
collaborative engagement to bridge the gap between individual research groups, which shows 
that there exists an opportunity to build partnerships between researchers internationally. The 
network graphs highlight where existing partnerships are strong and weak. These graphs also 
visually present the levels of attention different countries are giving to agroforestry research. 
Several countries have many researchers involved in agroforestry research, both at a national 
level and an international level. Additionally, more collaboration between groups could help 
synthesize existing knowledge about agroforestry and its impacts, which could help bring 
agroforestry to the international policy agenda to help achieve the SDGs and confront climate 
change by forming a unified front and clear policy implications from the scientific community.  
This goal closely related to my next conclusion, which is that there is still a disciplinary 
divide within the agroforestry literature. We see a disconnect between research on biodiversity 
and research on production/food security and watershed services. There is room for more 
interdisciplinary research, particularly bringing together social scientists and natural scientists to 
explore the co-benefits and tradeoffs of agroforestry with respect to environmental and human 
well-being outcomes. Currently, there is still some division between research on agroforestry’s 
impacts on ecosystem services and its impact on agricultural productivity and human well-being. 
Furthermore, as found by the HIC SM and L&MIC EGM, there is a clear gap in research on the 
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impacts of agroforestry on economic and social outcomes. In all the analyses, there is a notable 
lack of discussion on human/cultural dimensions and on economics. This suggests the 
opportunity to extend the focus of agroforestry research, bringing more attention to economic 
and social dimensions of agroforestry since there is currently an emphasis on environmental 
services, particularly biodiversity, soil quality, and conservation.  
Finally, researchers can consider broadening the audience for their research, working to 
frame agroforestry impact studies to appeal to a wider audience and to publish in journals with 
more diverse readers. The current evidence base remains primarily within field-specific journals, 
especially those environmentally focused rather than policy and society focused, which may 
limit the accessibility of agroforestry ideas to specific audiences and reinforces divisions 
between disciplines.  
Although bibliometric and network analysis proved to be useful for visualizing the 
current state of agroforestry research, in-depth systematic reviews are necessary for better 
understanding the current evidence base and are needed to estimate the effect size and direction 
of different agroforestry practices on various outcomes of interest. Visualizing the networks 
gives us some sense, however, on the nature of agroforestry research. It allows us to quantify and 
visualize the nature of international collaboration and how researchers tend to collaborate with 
each other. It also provides a measure of the fragmentation of the body of literature. We also 
were able to visualize distinct knowledge domains within the agroforestry literature, and I found 
that the disciplines were generally well-connected but there is room for additional work 
integrating knowledge across disciplines. Even with the limitations of this method, mapping and 
visualizing the state of literature in this way has helped identify several gaps in the content of 
agroforestry impact literature and in the structure of research networks.   
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CHAPTER 4: SUMMARY AND CONCLUSIONS 
This systematic map gives an overview of current evidence base on social-ecological 
impacts of agroforestry and the efforts to promote it. It presents the body of current literature as 
an easily navigable, systematic database to find the literature relating to different agroforestry 
practices and outcomes and different productivity, ecosystem service, and human well-being 
outcomes. I plan to submit this work for publication in scientific journals. I also plan to develop 
a website for the complete systematic map with interactive features to allow easy access and use 
of the database. This website will likely be similar to or integrated with the Evidence for Data 
and People Data Portal (https://www.natureandpeopleevidence.org/). The complete SM 
highlights linkages for further systematic review and identifies where additional primary 
research needed. However, while such evidence synthesis useful, it is currently very labor 
intensive, so we need to develop and refine tools to make the process more efficient (Cheng et 
al., 2018). Overall, a main take away is simply that further evidence synthesis is needed to 
evaluate what practices work, where, and why.  
In this thesis, I identified gaps and concentrations in literature. I found that agroforestry 
practices are well-studied, but agroforestry interventions are not. There are also clear gaps in 
knowledge on the economic and human well-being outcomes of agroforestry. I created network 
graphs that allowed us to visualize and analyze the current state of agroforestry research, finding 
that the literature is fragmented and dispersed, but with concentration in a few journals. I found 
that the multiple outcomes are interdependent and co-studied (either as win-win scenarios, or as 
tradeoffs), and I found that local publications often missed by larger body of research. 
As a result of this work, I have identified a few key suggestions for the future directions 
of agroforestry research. First, I identified concentrations of evidence for further systematic 
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reviews of available evidence. We found only 19 systematic reviews completed, which do not 
cover all the concentrations of evidence or cover all the global regions. Another major gap in the 
literature is impact evaluations of agroforestry interventions, which are needed to identify what 
types of policies and programs to support the adoption and implementation of agroforestry 
practices work, where, why, and how effective they are towards meeting social-ecological 
objectives. More research in general is urgently needed on economic and human well-being 
outcomes. These social-ecological outcomes may be key to understanding the current low rates 
of agroforestry adoption in HICs and help understand what types of programs and policies are 
necessary to advance the implementation of agroforestry practices. Furthermore, a suitability 
map of agroforestry practices would be useful to display geographically where agroforestry is a 
suitable option and what types of agroforestry practices should be considered. Modelling the 
potential impacts of such practices to create targeted programs and policies to help implement 
agroforestry practices and interventions more efficiently would also be useful.  
I found that the agroforestry impact literature is highly fragmented and dispersed. It 
therefore may be necessary to reference context- or language-specific journals and publications 
when implementing agroforestry interventions for context-specific research. These local journals 
may not be cited in larger literature, so referencing them can help us avoid unintentional 
duplication of studies and knowledge creation. Furthermore, we can broaden the audience by 
framing agroforestry research towards achieving sustainability and SDGs by targeting high-
impact journals. 
I believe that from this we can identify several possible paths forward to help bring 
agroforestry into the mainstream as a solution to help address food insecurity and health and 
nutrition through diversifying farm products and improving soil fertility, address poverty through 
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diversified income sources and tree-based market, and provide biodiversity and ecosystem 
services by providing habitat, sequestering carbon, and improving soil and water quality. Some 
key takeaways are that there is room to broaden the audience for agroforestry research by 
framing agroforestry impact studies to publish in journals with more diverse readers, extend the 
focus of agroforestry by bringing attention to economic and social dimensions of agroforestry 
since the emphasis is currently on environmental services (biodiversity, soil quality, 
conservation), and create an environment of collaborative engagement to bridge the gap between 
individual research groups and disciplines to help bring the field together across the diverse array 
of interests. Agroforestry addresses a wide range of issues and has potential to address global 
human and environmental issues. Currently, agroforestry remains low on the policy agenda and 
is often overlooked by policy- and decision-makers. By working to synthesize the evidence on 
the impacts of agroforestry and joining efforts to create a more united voice for agroforestry, 
agroforestry may enter the international stage as a viable option to help address our current 
problems as a cost-effective “win-win” solution.  
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APPENDIX A: LIST OF HIGH-INCOME COUNTRIES  
List of high-income countries as of 2018, according to the World Bank classification scheme 
(World Bank, 2018). 
Andorra Estonia Latvia Saudi Arabia 
Antigua and 
Barbuda Faroe Islands Liechtenstein Seychelles 
Aruba Finland Lithuania Singapore 
Australia France Luxembourg Sint Maarten 
Austria French Polynesia Macao SAR, China Slovak Republic 
The Bahamas Germany Malta Slovenia 
Bahrain Gibraltar Monaco Spain 
Barbados Greece Nauru St. Kitts and Nevis 
Belgium Greenland Netherlands St. Martin 
Bermuda Guam New Caledonia Sweden 
British Virgin 
Islands 
Hong Kong SAR, 
China New Zealand Switzerland 
Brunei Darussalam Hungary 
Northern Mariana 
Islands Taiwan 
Canada Iceland Norway Trinidad and Tobago 
Cayman Islands Ireland Oman 
Turks and Caicos 
Islands 
Channel Islands Isle of Man Palau United Arab Emirates 
Chile Israel Poland United Kingdom 
Curacao Italy Portugal United States 
Cyprus Japan Puerto Rico Uruguay 
Czech Republic Korea, Rep. Qatar Virgin Islands 
Denmark Kuwait San Marino   
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Are there any 
mechanisms in the 
study stated as 
linking the 
intervention to the 
outcome?   Yes or No 
4.2 Stated mechanism   Describe the mechanism, if stated in the study 
4.3 Stated type of model   
Theory of change, results chain, logic model, 
conceptual framework 
4.4 
How is the model 
employed   
Framing the study, choosing indicators, 
validating model with data, using data to infer 
model 
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APPENDIX C: STAKEHOLDER ENGAGEMENT 
 In developing the parallel L&MIC EGM, our team engaged with an advisory 
group comprised of 3ie members, donor agency staff, International Development Coordinating 
Group (IDCG) members and other evidence synthesis experts, International Centre for Research 
in Agroforestry (ICRAF) scientists and other agroforestry subject experts. The L&MIC EGM 
protocol was published with the Campbell Collaboration (Miller et al., 2017). In preparing that 
protocol, we coordinated with the advisory group as well as colleagues involved in two related 
evidence maps (McKinnon et al., 2016, Cheng et al., 2019), and we presented the work at several 
conferences with opportunities for discussion, see Miller et al. (2017). The HIC SM protocol was 
presented as a poster presentation at the Green Lands Blue Waters conference in Madison, 
Wisconsin in November 2017 and discussed with interested agroforestry experts. Feedback and 
suggestions given to the authors were incorporated into the HIC and L&MIC protocols. The 
L&MIC EGM network analysis results were presented as oral presentations at the 4th Annual 
FLARE Meeting in Copenhagen, Denmark in October 2018 and at the 5th International Food 
Security at Illinois (IFSI) Symposium at the University of Illinois at Urbana Champaign in April 
2019. The preliminary results of the HIC SM was presented as an oral presentation at the 4th 
World Congress on Agroforestry in Montpellier, France in May 2019 and at the 16th North 
American Agroforestry Conference in Corvallis, Oregon in June 2019. The feedback from the 
editor of Environmental Evidence and three anonymous reviewers greatly enhanced the protocol 
for the HIC agroforestry systematic map (Brown et al., 2018). Finally, I expect to engage with 
additional reviewers through publishing the SM in peer-reviewed journals. 
 
